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Since there is no published account of the development of any 
species of Pluteus or Tubaria, it seemed desirable to the writer to 
study representatives of these genera. Especially was this true 
for Pluteus, because in observing young stages it was difficult to 
determine whether the hymenophore was endogenous or exogenous 
in origin. The prominent cystidia, also, and the unusual structure 
of the trama of the gills, the filaments composing it consisting of 
“long cylindrical cells converging as they descend in the gills and 
often lying more or less crisscross at different angles of divergence,” 
as mentioned by ATKINSON (2) in his description of Leptonia seti- 
ceps,? offered an interesting field for investigation. ATKINSON has 
found this structure of the trama to be characteristic of all species 
of Pluteus and Volvaria examined by him. 

While the various species of Pluteus are abundant in most 
regions, the fruit bodies are usually formed singly or with only a 

* Contributions from the Department of Botany, University of Nebraska, New 
Series, No. 27. 


2 Leptonia seticeps Atk. (Jour. Myc. 8:116. 1902)=Pluteus seticeps Atk. MSS. 
ATKINSON came to consider this form a true Pluteus. At the time he described it he 
placed it in Lepionia because of the slight attachment of the gills to the stem. His 
extensive studies on the structure of the A garicaceae have shown that structurally it 
agrees in all ways with Pluéeus and not with Leptonia. 
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few closely associated. This habit makes the collection of material 
for developmental study very difficult. Pluteus admirabilis Peck 
occurs in troops more commonly than most other species, and its 
bright yellow color makes the young basidiocarps quite easily 
distinguishable. I began my collection of this species while in the 
Adirondacks on a collecting trip during July 1916. A large part of 
the material was collected from troops where only 3 or 4 basidiocarps 
of suitable age were obtainable. The largest individual collection 
was secured after my return to Ithaca, in the Van Samtford woods 
near Freeville, New York, during the latter part of August 1916. 

The material for the study of Tubaria furfuracea Gill was col- 
lected in Cascadilla ravine, and along the banks of Fall Creek, on the 
Cornell University campus, during the early summer of 1916, where 
the plants were growing very abundantly on the leaf mold and 
loam in a small wood. The plants occurred in troops upon an 
abundant mycelium which permeated the substratum. All stages 
in development were to be found upon this mycelium when the 
fruits first began to appear. 

The material for the study of both genera was fixed in chrom- 


acetic and Benda’s fluids, cleared in cedar oil, and imbedded and 
sectioned in paraffin. 


Pluteus admirabilis 
ORIGIN OF HYMENOPHORE 


No fruit body was obtained before the beginning of any differ- 
entiation had taken place in the primordium of the basidiocarp. 
The youngest stage secured (fig. 1) was a little over 0.5 mm. in 
height and already showed a differentiation into primordia of 
stipe, pileus, and hymenophore. The primordium of the stipe is 
made up of loosely interwoven, much branched filaments, uniformly 
about 3 u in diameter, which become les$ interwoven and show 
many free ends near the surface, as can be seen in fig. 29, a higher 
magnification of the same fruit body. This tissue gradually passes 
into that of the primordium of the pileus, which at the base has 
the same structure as the primordium of the stipe, but soon opens 
| out into a less interwoven tissue in which the filaments lie almost 
parallel to each other and radiate in a fanlike manner, with free 
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ends on the surface. These filaments are slightly larger than those 
of the stipe, often reaching 4 win diameter at theirends. This diver- 
gent growth of,the hyphae making up the primordium of the pileus 
is similar to that described by DE Bary (12, 13, 14) for Nyctalis 
asterophora, N. parasitica, and Collybia dryophila, and by B1LizzARD 
(11) for Omphalia chrysophylla, Clitocybe adirondackensis, C. cerus- 
sata, and Clitopilus noveboracensis. The primordium of the 
hymenophore (fig. 29) consists of only a slight modification of these 
outward turning filaments such as cover the pileus and stipe. They 
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Fics. 1, 2.—Fig. 1, A, diagram showing plane of sections shown in figs. 9-11; 
B, small arrows showing direction of growth in hymenophore of same basidiocarp; 
fig. 2, diagram of plane of sections shown in figs. 19-22. 


are more closely packed together, smaller, and with slightly denser 
protoplasmic content. 

Figs. 2-8 show median and tangential longitudinal sections of 
young basidiocarps in successive stages of development. In the 
fruit body shown in figs. 2 and 3, and more highly magnified in 
figs. 30 and 31, a definite palisade layer has been formed, and the 
loosely interwoven .outer portion of the stem is more pronounced; 
otherwise the structures show no further differentiation. As 
growth progresses the margin of the pileus shows a strongly epinas- 
tic development, so that as the pileus enlarges the margin turns 
abruptly downward (figs. 4, 6), while the hymenophore still remains 
in the palisade condition, as shown by figs. 5 and 7. The continua- 
tion of this epinastic development causes the margin of the pileus 
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to roll inward so closely that the edge of the pileus becomes pressed 
against the loosely interwoven ends of the filaments covering the 
stem. Figs. 8 and 32 show a fruit in this condition with the ends 
of the filaments of the pileus and those of the stem intermingled. 
It is this condition that caused the uncertainty in the examination 
of young forms as to whether the hymenophore was endogenous 
or exogenous in origin. 

The development just described reminds one of Hartic’s (16) 
description of the development of Armillaria mellea. He found 
that the hymenophore developed exogenously at first, and that 
later by epinastic growth the margin of the pileus became incurved, 
and that the marginal veil developed from the interweaving of 
filaments growing from the margin of the pileus with similar ones 
growing out from the stem. This course of development, however, 
has been shown by BEER (10) and ATKINSON (5) not to be correct 
for Armillaria mellea. BuizzArD (11) in his-studies on exogenous 
forms found the pileus in several to be strongly incurved, but he 
did not report an interlacing of filaments from the pileus and stipe. 
At this stage of development the strong epinastic development 
ceases and the expansion of the pileus takes place more uniformly 
in all directions (figs. 9, 12, 15, 19, 23). 

During the changes‘in the form of the pileus just described the 
general relations of hymenophore to stipe and pileus remain the 
same as seen in the younger stages (figs. 29, 30), but the palisade 
layer becomes more and more arched (fig. 32). The space between 
the arched hymenophore is lined with the uniform terete ends of the 
filaments of which the palisade layer is composed. 


ORIGIN AND EARLY DEVELOPMENT OF LAMELLAE 


Figs. g-11 show low magnification of median and tangential 
longitudinal sections of a young fruit body in which the first trace 
of gill development is distinguishable. The location of these sec- 
tions is shown in text fig. 1A, while the small arrows in text fig. 1B 
show the direction of growth in the hymenophore at this time. The 
gill salients arise as folds occurring in the angle between the stem 
and pileus where the palisade layer is first developed. The stem 
is narrower in the region of the developing hymenophore than below 
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it, so that in the tangential longitudinal section shown in fig. 10, 
and more highly magnified in fig. 35, the gills appear to extend as 
strands from pileus to stipe. The direction of the growth of the 
hymenophore, however, as shown in text fig. 1B, continues to be the 
same as in the level palisade condition (figs. 30, 32), so that the cells 
making up the fundament of the trama (fig. 35) are transverse sec- 
tions of filaments extending outward at right angles to the plane of 
the sections. The hyphae making up the subhymenium and the fun- 
dament of the trama are smaller than in the young palisade condition. 

Figs. 12-14 show a slightly older but somewhat depauperate 
basidiocarp in median and tangential longitudinal section. Here 
the young gill salients whose development is centrifugal are clearly 
shown. Figs. 33 and 34 show the detail of this specimen. The 
depauperate condition of the fruit is shown by the scanty proto- 
plasmic content and by the enlargement of the cells to a condi- 
tion characteristic of older fruits. The development having been 
stopped at this age, the relation of the parts would probably remain 
identical with those of the normally developing basidiocarps. That 
this would be the case is substantiated by the observation of other 
depauperate fruits sectioned, in which development had been 
arrested at all stages. 

Because of the strong incurving of the margin of the pileus after 
the beginning of gill development, and as the expansion of the fruit 
body progresses along with gill development, the palisade layer 
constantly present toward the margin of the pileus is always on the 
interior (morphological under-side) of the pileus margin as seen in 
tangential section (figs. 15-18). In fig. 18, and better in a higher 
magnification (fig. 36), the palisade layer is thus shown. In figs. 
19-22 a slightly older fruit body is shown, in which the hymeno- 
phore shows gills in the young salient stage on the incurved por- 
tion of the pileus. Fig. 37 is a higher magnification of the section 
shown in fig. 22. In this fruit body the gills are so broad that the 
tangential sections show the gills attached above and _ below, 
but in each case attached to the morphological under-side of the 
pileus, their point of origin. Text fig. 2 shows how the sections in 
this series were cut, and that the attachment of these gills above 
and below is due to the incurved form of the pileus. 


BOTANICAL GAZETTE 


[yuLY 


The secondary gills originate at varying distances from the 
stem in the same manner as the primary gills, and their develop- 
ment progresses outward. Young secondary gills are shown in 
figs. 20, 22, 37, and 38. They are also well shown in a transection 
of the fruit body (figs. 24, 39). The primary gills during their 
origin and development are attached to the stem (figs. 9, 15, 30, 32), 
and in a transverse section of a fruit body (fig. 24), but they become 
free during the general expansion of the fruit body (fig. 23). In 
Agaricus rodmani ATKINSON (7) found that the gills were often 
attached to the stem in the early stages of development. 


ORIGIN OF CYSTIDIA 


During the origin of the gill salients the cystidia begin to appear 
(figs. 34-36). Text fig. 3 shows in outline the position of cystidia 
and basidia in the basidiocarp shown in fig. 36 as accurately 
as could be determined. As shown here, the filaments bearing 
both cystidia and young basidia 
pass out from the trama in a 
usually unbranched condition, the 
cystidia being only distinguishable 
from the basidia by their more 
scanty protoplasmic content and 
larger size. As the gills develop, 

however, the filaments leading out 

Fic. 3.—Course of filaments form- sas 

basidia and cystidia. and for some time remain little, 

if at all, branched, while those bear- 
ing basidia and paraphyses are smaller and much branched (figs. 
38, 47, 474, text fig. 4). A and B of text fig. 4 show the details of 
the gills at this stage as definitely as could be determined, A being 
a reconstruction of the portion shown in fig. 47a. A slightly older 
gill is shown in fig. 48 and text fig. 5, A showing the detail of the 
cystidium shown in fig. 48, and B, C, D, E, and F showing parts of 
other gills in the same series. The filaments bearing the cystidia 
seemingly branch somewhat during the later development and give 
rise to basidia and paraphyses, but even with the highest powers of 
the microscope it was difficult to determine positively. Cystidia 
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Fic. 4.—Structure of trama and origin of cystidia and basidia: A, reconstruction, 
made by aid of microscope, of photomicrograph shown in fig. 47a; B, another gill from 
same series outlined with camera lucida. 


Fic. 5.—Origin of cystidia and basidia as seen in slightly older basidiocarp than 


that of text fig. 4: A, reconstruction of part of photomicrograph shown in fig. 48, 
made by aid of microscope; outlines of other drawings made with camera lucida, 
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and basidia in practically mature condition are shown in figs. 45, 
46, 49, and in text fig. 6. The young basidia and cystidia, and 
the filaments which bear them, are 
constantly binucleate, as are the other 
cells of the young hymenophore, and 
in fact all parts of the young basid- 
iocarp. The nuclei in the cystidia 
never fuse, and older cystidia lose 
their nuclei by degeneration. The 
cystidia are at all times much vacuo- 
late and with scanty cytoplasm, while 
the basidia and paraphyses are filled 
with dense protoplasm. Very com- 
monly the mature cystidium has a 
mucous cap (fig. 49), thus suggesting 
a possible excretory function, but this 


Fic. 6.—Detail of portion of gill . 
shown in figs. 46 and 49, showing 8 not a constant characteristic. 
cystidia, basidia, paraphyses, and 
ultimate development of down- SURFACE CHARACTERS 
ward outgrowths from subhyme- 
nium (internal cystidia). 


As was noted in the description 
of the youngest stages of the fruit 
body, the outer portion of the pileus is made up of hyphae 
which radiate in a fanlike manner. As the development proceeds 
these hyphae become closely compacted (figs. 32, 33), but for some 
time retain this definite arrangement. The outer cells of this 
layer soon enlarge and appear as a uniform palisade layer, as shown 
in fig. 40, which is a higher magnification of the surface of the 
fruit body shown in fig. 19. The filaments making up the interior 
of the pileus branch and become much interwoven. As the pileus 
expands the cells forming the uniform palisade layer enlarge, giving 
the characteristic structure to the surface of the mature pileus 
(fig. 41). Structurally these cells are binucleate, and in origin . 
seem to be homologous to the cystidia on the surface of the 
gills. These cells, even from youngest stages, are filled with a 
yellow granular content, however, and give to the pileus its 
characteristic color. 
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CHANGES TAKING PLACE IN TRAMA DURING DEVELOPMENT 
As can be seen in figs. 36-38, 47, 48, and text figs. 3 and 4, 


the trama of the young gills is composed of slender, somewhat 
parallel filaments which are scarcely 2 u in diameter at first, but 
soon become 2-2. 5 in diameter, as seen in fig. 38. The trama of 
the gills is also very narrow and made up of relatively few filaments. 
As expansion of the fruit body takes place rapid changes occur in 
the trama. Fig. 25 is a transection of the gills of the plant shown 
in median section in fig. 23, where expansion is just well begun. A 
higher magnification of a part of these gills is shown in fig. 42. 
Here one observes a great multiplication of the filaments making 
up the trama, along with an enlargement of the individual cells. 
The multiplication of cells takes place largely in the region just 
below the hymenium, and is in the form of outgrowths of the sub- 
hymenial cells. These outgrowths extend downward and toward 
the center of the trama, as can be seen opposite A on the left of 
fig. 42, and in text fig. 7, which 
shows in a slightly diagrammatic 
manner the detail of this part of 
the section. 

These outgrowths continue 


their growth, maintaining a Fic. 7.—Portion of gill seen opposite 


downward and inward direction, 
as is seen in a slightly older fruit 
body (figs. 26, 43), in which 
many of these filaments have 


reached the center of the trama. 


A in fig. 42, showing beginnings of down- 
ward outgrowths from subhymenium 
which develop during expansion of basid- 
iocarp. 


In these cells the protoplasm is 


much more dense in the apical end, and in many cases largely con- 


fined to this part. Figs. 27 and 44 show a still more extensive 
development of these filaments which have now become 4-5 pw in 
diameter, while figs. 28 and 45 show the gills when basidia have 
reached a 4-nucleate stage, but before spore formation, with the 
tramal cells about 7 » in diameter. At this stage these cells are 
so long and thin-walled that some shrinkage takes place in all 
fixed material.’ Figs. 46 and 49 show, just below the base of the 
cystidium on the left, one of these filaments in good condition. 
This can be seen more clearly in text fig. 6. Fig. 50 shows the 


} 
q 
i 
I 
i 


10 BOTANICAL GAZETTE [JULY 


trama of Pluteus seticeps Atk. MSS (see footnote 1), made from 
a freehand section which shows the typical structure of the trama 
of mature plants having this type of trama. The details of this 
can be seen more clearly in text fig. 8, which is a reconstruction 
from two photographs taken at slightly 
different foci. 

The cells composing the original 
trama in this species, and many other 
species examined, enlarge to the same 
size as those of the converging filaments 
arising in the subhymenium. This may 
not be true, however, of all species of 
Pluteus. In some specimens of Pluteus 
longistriatus the cells of the original 
trama seem to have entirely escaped the 
general expansion and remain slender, 
even in the mature pileus. 

These downward growing filaments, 

Fic. 8.—Culmination of originating as they do in the subhyme- 
downward outgrowths from niym, the same region from which the 
subhymenium as seen in 
Pluteus seticeps; outlines ob- CYStidia originate, and having the same 
tained from combination of 2 general characteristics as cystidia (en- 
photomicrographs made at Jarged cells with scanty protoplasmic 
slightly different focus on free- 
bined qucttion. content), seem to represent a type of 

internal cystidium development. In 
some species of Pluteus a necklike constriction occurs near the apex 
of the external cystidium, and also on these internal outgrowths. 
These internal cystidia are at first binucleate, the 2 nuclei occupy- 
ing a central position, as in the other cystidia, but the nuclei 
degenerate before the cystidia have attained the length shown in 
text fig. 6. 


Tubaria furfuracea 
EARLY DIFFERENTIATION OF PRIMORDIUM OF BASIDIOCARP 


A median longitudinal section of an undifferentiated primordium 
of a basidiocarp is shown in figs. 51 and 78, the latter being a higher 
magnification of the upper portion of the former. It consists of 
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loosely interwoven hyphae about 2-3 uw in diameter, the external 
ones having firmer walls and taking the stain slightly more than 
those toward the interior. The fruit body illustrated in fig. 53 is 
smaller but shows some differentiation. There is a superficial 
zone made up of very loosely interwoven hyphae with firm walls. 
This region marks the beginning of a universal veil or blematogen 
layer, as this type of veil has been distinguished by ATKINSON (6). 
The filaments in this region show very little change in form or 
structure from those covering the outer portion of the primordium 
of the basidiocarp. Within this region is one of slightly smaller 
filaments with thinner walls and richer protoplasmic contents, 
merging into a less deeply staining region which has undergone no 
further differentiation. This interior zone of smaller, actively 
growing filaments marks the primordium of the stipe, which at this 
stage is somewhat conical in shape. Fig. 52 shows a somewhat 
older fruit body in which internal differentiation has been carried 
much farther. Here can be seen quite well defined the primordium 
of the stipe as an elongation of the conical region first differentiated, 
and the beginnings of the primordium of the pileus in a very slight 
enlargement of the apex of the stipe. The hyphae making up the 


densely staining region marking the primordia of stipe and pileus * 


are smaller, about 1.5 « in diameter, and much more closely inter- 
woven than those of the outer portion, as can be seen in fig. 79, a 
higher magnification of a part of the fruit body shown in fig. 52. 
The blematogen and the filaments in the interior show the same 
characters as those of the young fruit body previously described, 
except that in the stipe the central filaments have come to lie some- 
what parallel to each other, extending in a vertical direction. 
Figs. 54 and 55 show a smaller but older fruit body. The blemato- 
gen, stipe, and pileus are very clearly differentiated. As can be 
seen in fig. 80, a higher magnification of fig. 54, the filaments of the 
pileus are very compactly interwoven toward the interior, but 
become more and more loosely interwoven toward the margin, 
where they merge into the blematogen. 

It is interesting to note that the stipe is usually the first region 
to be differentiated in several other endogenous forms, as in Lepiota 
cristata and L. seminuda (g), in several species of Cortinarius (15, 
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18), Pholiota (17), and Hypholoma (1). In all of these forms the 
differentiation of the pileus takes place in very much the same 
manner. 


ORIGIN OF HYMENOPHORE AND ANNULAR PRELAMELLAR CHAMBER 


The first trace of the origin of the hymenophore can be seen in 
the median longitudinal section of the basidiocarp shown in figs. 54 
and 80, where the under surface of the pileus seems to take the stain 
more deeply. In this region the filaments are more slender, with 
dense protoplasmic contents, and lie more or less parallel to each 
other, thus marking the primordium of the hymenophore. Just 
below this there is a spreading of the filaments in the still undifferen- 
tiated ground tissue lying between the primordia of hymenophore 
and stipe, due to the rapid growth in the primordial parts. This can 
also be seen in the tangential longitudinal section of the same fruit 
body (fig. 55), which was taken midway between the stipe and the 
margin of the pileus. Figs. 56 and 57 are median and tangential 
longitudinal sections of an older basidiocarp, the tangential section 
representing the condition just beyond the stem. Higher magni- 
fications of the same sections are shown in figs. 81 and 84. Here 
the differentiation has become much more definite. All parts of the 
basidiocarp are clearly distinguishable. An annular ring of defi- 
nitely compacted, downward growing filaments which make up a 
quite clearly defined, uniform palisade layer is present, and the 
loosening of the tissues below the palisade layer is much more 
pronounced. A continuation of this development is seen in the 
median and tangential longitudinal sections shown in figs. 58 and 59, 
and more highly magnified in figs. 82 and 85. Here the palisade 
layer is well developed, and a more or less complete annular rift 
has occurred below the palisade layer, due to the continued expan- 
sion of the more actively growing parts. The filaments making 
up this palisade layer are scarcely 1.5 u in diameter, and lie closely 
packed together and parallel to each other. 


ORIGIN AND DEVELOPMENT OF GILLS 


Figs. 60-63 show a fruit body when the first signs of gill develop- 
ment are distinguishable. The gills originate as downward growing, 
radial folds of an even palisade layer. These folds extend down- 
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ward into the annular prelamellar chamber below the palisade 
region. The first folding takes place near the stipe, as can be seen 
in the series of tangential sections shown. The details of figs. 60 
and 62 are shown in figs. 83 and 86. The young gill salients thus 
formed by the folding of the palisade layer, along with downward 
growth in radial areas, develop rapidly, and as development pro- 
gresses the longest gill salients are found next to the stipe and adnate 
to it (figs. 64-68). The folding continues outward so that near 
the margin we find a uniform or level palisade layer during the 
period of growth. Fig. g1 is a higher magnification of the 
hymenium shown in fig. 67. In this series, as well as in the basidio- 
carp illustrated in figs. 69-73, a strongly epinastic and horizontal 
development is observable in the pileus, and the margin of the 
pileus becomes strongly incurved. As can be seen by the tangential 
sections, the development of the gills continues to be centrifugal, 
and the level palisade layer is to be found on the incurving edge of 
the pileus. The structure of the gills at this age can be seen in 
figs. 87 and 88, higher magnifications of fig. 69. The trama is 
composed of somewhat parallel filaments that branch sparingly until 
the subhymenium is reached, and then branch repeatedly to give 
rise to the young basidia and paraphyses. Fig. 89 shows the 
same condition in tangential sections in a somewhat older fruit 
body. Figs. 74-76 show a fruit body nearing maturity. The 
broad attachment of the gills to the stipe, and the general triangular 
shape of the gills characteristic of this genus, are also shown in 
the median section (fig. 74), and the attachment of the gills is also 
clearly shown in fig. 77, a horizontal section through the pileus of a 
fruit body nearing maturity. As the epinastic development of the 
pileus continues, the margin of the pileus becomes more and more 
inturned. This strong incurving of the margin of the pileus results 
in sections similar to the ones shown in figs. 75 and 76, where the 
section passes through the incurved margin of the pileus as well as 
through the upper portion. The stalls or pigeonholes thus formed 
might lead one to an erroneous idea as to the origin of the gills if 
their development had not been traced through the earlier stages. 

The secondary gills originate in the same manner as the primary 
gills, but at varying distances from the stipe. Sections of some of 
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these may be seen in figs. 76 and 92. Here some are shown that 
are still in the young salient condition, and two others that have 
started near the point at the upper portion of the pileus at which the 
section was cut off and developed outward. These 2 gills are dis- 
tinguishable by their narrow attachment to the upper portion of 
the pileus. The location of the secondary gills is clearly shown in 
a horizontal section through the pileus (fig. 77). 

The primary gills very commonly branch as they develop. 
The branching is frequently dichotomous, but may be of various 
types, as is illustrated in fig. 77. These branches seemingly arise 
in much the same manner as described by SAWYER (18) for Cor- 
tinarius pholideus. 

During the expansion of the gills the hyphae making up| the 
trama become much enlarged and separate from each other, so that 
a very loose open trama results. Fig. 90 shows the structure of a 
gill at maturity, and a comparison with fig. 89 shows the changes 
taking place during the expansion of the fruit body. 


CHANGES TAKING PLACE IN BLEMATOGEN DURING DEVELOPMENT 


As the blematogen is first differentiated it consists of loosely 
interwoven filaments, which take the stain quite deeply (figs. 51-55). 
The cells composing it soon lose their protoplasmic content, how- 
ever, the individual cells becoming inflated to 4-6 uw in diameter 
and the blematogen showing as a very thin layer of loosely arranged, 
weakly staining filaments covering pileus and stem (figs. 56-73). 
It becomes so delicate that it is easily destroyed even with careful 
handling. The boundary line between the blematogen and the 
surface of the pileus is never clearly defined, but at all times the 
one merges into the other, as described by ATKINSON (4, 7) for 
Agaricus rodmani, A. arvensis, and A. comtulus, and by ALLEN (1) 
for Hypholoma. The shedding of the blematogen is somewhat like 
that in Coprinus micaceus (8) in the manner in which the cells 
become constricted at the cross-walls and break off, but at no time 
do they arrange themselves in a definite compact palisade layer as 
in C. micaceus. 

During the final expansion the blematogen becomes so thin and 
delicate that it breaks up into scurfy particles (fig. 74), which, 
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together with the expansion of the cells making up the pileus, similar 
to that occurring in the blematogen, give the mature pileus the 
furfuraceous appearance characteristic of the species. The detail 
of the surface of the pileus at maturity is shown in fig. 93. 


ORIGIN OF MARGINAL OR PARTIAL VEIL 


In the early stages of the development of the pileus the blemato- 
gen is the only distinguishable layer surrounding the fundaments 
of the pileus and stipe, but by the time the palisade layer has 
developed (fig. 81) it can bé seen that there are 2 distinct regions 
in the portion of the veil extending between pileus and stipe. 
The inner region is made up largely of filaments that are continua- 
tions of the more or less parallel filaments making up the margin 
of the pileus that extend across and merge with those of the stipe, 
while the outer portion is made up of the blematogen. As the 
annular rift becomes increasingly larger these two regions show 
more clearly (fig. 83). As the fruit body expands the blematogen 
becomes stretched into a thinner layer, but the layers can be dis- 
tinctly seen in fig. 87, where the gills are quite well developed. 
During the expansion of the fruit body the partial veil ruptures 
irregularly (figs. 74, 75), and being delicate soon disappears, so that 
in the mature fruit body the veil is inconspicuous if seen at all. 
The development of the partial veil agrees entirely with that 
described by SAWYER (17) for Pholiota, except that the veil quite 
commonly ruptures near the stem instead of at the margin of the 
pileus. ZELLER’S (19) illustrations of Stropharia also show a simi- 
lar partial veil, but he does not describe its structure. 


Summary 
PLUTEUS ADMIRABILIS 


1. No entirely undifferentiated primordium of a basidiocarp 
was obtained. The earliest stage secured showed a differentiation 
into primordia of stipe, pileus, and hymenophore. 

2. All parts of the young basidiocarps are covered with free 
ends of hyphae which lie more or less parallel to each other. The 
primordium of the hymenophore is distinguishable by the smaller 


cells composing it, with denser protoplasmic contents. It develops 
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at the angle of junction between pileus and stipe. This soon 
becomes a definite level palisade layer. It is entirely exogenous 
in origin. 

3. There is a strong epinastic development in the margin of the 
pileus and it becomes so strongly incurved that the filaments on its 
margin intermingle with those on the surface of the stipe. This 
occurs while the hymenophore is still in a level palisade condition. © 

4. The gills originate as downward growing folds which 
develop centrifugally, the first folding taking place at the point 
where the fundament of the hymenoplhore was first distinguishable 
over the angle of stipe and pileus. 

5. The secondary gills originate in the same manner as the 
primary gills but at varying distances from the stipe. Their 
development is centrifugal. 

6. The primary gills during their early development are attached 
to the stem and only become free during the final expansion of the 
fruit body. 

7. The cystidia are distinguishable as soon as the gill salients 
appear. They appear as larger cells with scanty protoplasmic 
content, while the smaller cells of the hymenial layer are densely 
filled with protoplasm. 

8. The cystidia are formed terminally upon filaments similar 
to, but usually larger than, those that bear the smaller cells of the 
hymenial layer. In younger stages the filaments bearing: cystidia 
are little if at all branched, but in older fruit bodies they become 
more branched. The filaments bearing basidia and paraphyses 
branch profusely very early in their development. 

9. The surface of the pileus is covered with cells that are similar 
to the cystidia. 

10. The trama in the young gills is composed of a few slender 
filaments which lie more or less parallel to each other. During 
expansion large elongated cells developing from the subhymenium 
grow inward and downward, giving a very unusual appearance to 
the trama. These cells probably represent internal cystidia. The 
cells of the original trama become much enlarged also. 

11. The cells in all parts of the young basidiocarps are con- 
stantly binucleate. 
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TUBARIA FURFURACEA 

1. The primordium of the basidiocarp consists of loosely inter- 
woven hyphae of uniform size. 

2. The development of the fruit body is endogenous. The 
primordium of the stipe as a conical region of small deeply staining 
filaments is the first to be differentiated. The primordium of the 
pileus originates as an outgrowth of the apical end of the elongat- 
ing stipe. A well defined blematogen, consisting of the undiffer- 
entiated ground tissue, surrounds the entire young fruit body. 

3. The primordium of the hymenophore appears soon after the 
differentiation of the primordium of the pileus. At first it is only 
distinguishable by its deeper staining properties, but soon the 
filaments in the region come to lie parallel to each other and form 
a definite level palisade layer. 

4. The development of the primordium of the hymenophore is 
accompanied by a stretching apart of the filaments below it to form 
a definite but weak annular prelamellar cavity. 

5. The gills originate as radial folds in a previously uniform 
palisade layer. Their development is centrifugal and they very 
often branch toward the margin. 

6. The secondary gills develop similarly but at varying dis- 
tances from the stipe. 

7. The surface of the pileus is never clearly defined, but at all 
times merges gradually into that of the blematogen. The cells 
of the blematogen become inflated and easily separate from each 
other. For this reason it is easily destroyed. 

8. The marginal or partial veil is made up of 2 layers. The 
outer consists of blematogen, while the inner is made up largely of 
filaments that are continuations of those making up the margin 
of the pileus, and which are also attached to the stipe. The veil 
ruptures irregularly at maturity and is so delicate that it soon 
disappears. 


In conclusion, I wish to express my deep obligation to the late 
Professor GEORGE F. ATKINSON for the use of his laboratories 
during the summers of 1916 and 1917, for his constant interest in 
my work, and for his many helpful suggestions. 


UNIVERSITY OF NEBRASKA 
Lrncotn, NEB. 
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EXPLANATION OF PLATES I-V 


The photomicrographs were made by the author as follows: figs. 1-28, 
51-77 with a horizontal Zeiss camera; figs. 290-50, 78-93 with a Bausch and 
Lomb vertical camera and Zeiss lenses. Detailed explanations of figures 
may be found in the text. 

PLATES I-III 
Pluteus admirabilis 

Fic. 1.—Median longitudinal section of young basidiocarp showing differ- 
entiation into primordia of stipe, pileus, and hymenophore; X3r. 

Fics. 2, 3.—Median and tangential longitudinal sections of slightly older 
basidiocarp, with well organized palisade layer; X31. 

Fics. 4-8.—Successive stages in development of pileus; X31. 

Fics. 9-11.—Median and tangential longitudinal sections of slightly older 
basidiocarp; X31. 

Fics. 12-14.—Similar sections of depauperate fruit body in which develop- 
ment had been arrested when gill salients were forming; 31. 

Fics. 15-18.—Median and 3 tangential longitudinal sections through 
basidiocarp just older than preceding. 

Fics. 19-22.—Position of these sections indicated in text fig. 2; X31. 

Fic. 23.—Median longitudinal section of basidiocarp nearing maturity; 
X31. 

Fic. 24.—Horizontal section through a basidiocarp about same age as 
shown in figs. 19-22, showing strong attachment of gills to stipe; X31. 

Fics. 25-28.—Successive stages in development of gills; 31. 

Fic. 29.—Higher magnification of fig. 1, showing beginning of hymeno- 
phore; X225. 

Fics. 30, 31.—Higher magnifications of basidiocarp shown in figs. 2 and 3, 
showing detail of palisade layer; 225. 

Fic. 32.—Detail of a part of fig. 8, showing interweaving of filaments of 
pileus and stipe, giving appearance of endogenous development; X 225. 

Fics. 33, 34.—Higher magnifications of sections shown in figs. 12 and 13; 
X225. 

Fic. 35.—Higher magnification of fig. 10; 225. 

Fic. 36.—Detail of section shown in fig. 18; X225. 

Fic.°37.—Detail of part of fig. 22; gill salients appear on incurved part of 
pileus; X 225. 

Fic. 38.—Young gills from basidiocarp shown in fig. 20; 225. 

Fic. 39.—Part of hymenophore as seen on margin of pileus shown in fig. 24; 
X225. 

Fic. 40.—Portion of surface of basidiocarp shown in fig. .23; 225. 

Fic. 41.—Portion of surface of pileus of basidiocarp nearing maturity, 
showing character of surface of mature fruit, and loosening of tissues during 
expansion. 
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Fics. 42-45.—Changes taking place in trama of gills during development. 
Fic. 42.—Part of gill from fig. 25; 225. 
Fic. 43.—Part of gill from fig. 26; 225. 
Fics. 44, 45.—Parts of gills from figs. 27 and 28; X 225. 
Fic. 46.—Some of hymenium of basidiocarp ewin'd in fig. 28; X225. 
Fics. 47, 47¢.—Parts of gills from basidiocarp shown in figs. 19-22, 37, 38; 
X585. 

Fic. 48.—Similar section to those of fig. 47 from slightly older fruit body 
(see text fig. 5); 585. 
Fic. 49.—Single basidium in detail; 936. 
Fic. 50.—Free-hand section of gill of Pluteus seticeps Atk. MSS; X 225. 


PLATES IV, V 


Tubaria furfuracea 


Fic. 51.—Median longitudinal section of undifferentiated primordium of 
basidiocarp; X33. 

Fic. 52.—Median longitudinal section of early stage in differentiation of 
basidiocarp showing primordia of stipe, pileus, and blematogen; X33. 

Fic. 53.—Median longitudinal section of basidiocarp intermediate in 
development between figs. 51 and 52; 33. 

Fics. 54, 55.—Median and tangential longitudinal sections of slightly older 
basidiocarp showing primordium of hymenophore as a deeper staining region 
on under surface of pileus; X33. 

Fics. 56, 57.—Median and tangential longitudinal sections of basidiocarp 
just older than fig. 54; X33. 

Fics. 58, 59.—Median and tangential longitudinal sections of basidiocarp 
with well developed palisade layer and more definite rift below; X33. 

Fics. 60-63.—Median and tangential longitudinal sections of basidiocarp, 
showing first traces of gill salients; X 33. 

Fics. 64-68.—Median and tangential longitudinal sections of young 
basidiocarp showing centrifugal development of gills; 33. 

Fics. 69-73.—Median and tangential longitudinal sections of older basidio- 
carp showing centrifugal development, attachment of gills, and breaking up of 
blematogen layer into flaky particles over pileus; X33. 

Fics. 74-76.—Median and tangential longitudinal sections of basidiocarp 
nearing maturity; secondary gill development shown in figs. 75 and 76; X33. 

Fic. 77.—Transverse section of basidiocarp showing arrangement and 
branching of primary and secondary gills; X12. 

Fic. 78.—Upper part of section shown in fig. 51; 200. 

Fic. 79.—Detail of upper portion of basidiocarp shown in fig. 52; X 200. 

Fic. 80.—Detail of upper portion of basidiocarp shown in fig. 54; X200. 

Fic. 81.—Upper portion of section shown in fig. 56, showing structure of 
hymenophore and veil; X 200. 
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Fic. 82.—Upper portion of section shown in fig. 58; X 200. 

Fic. 83.—Hymenophore at time of appearance of gill salients as seen in 
upper portion of section shown in fig. 60; X 200. 

Fic. 84.—Part of tangential section shown in fig. 57, showing developing 
palisade layer; X 200. 

Fic. 85.—Palisade layer as shown in fig. 59; X 200. 

Fic. 86.—Young gill salients from basidiocarp illustrated in fig. 62; X 200. 

Fic. 87.—Structure of gills and partial veil in basidiocarp illustrated in 
fig. 69; X200. 

Fic. 88.—Parallel filaments making up trama of young gills as in fig. 88; 
X 320. 

Fic. 89.—Transverse section of young gill at about same age as preceding; 
X320. 

Fic. 90.—Transverse section of mature gill showing changes in trama 
during expansion; X 320. 

Fic. 91.—Portion of hymenophore shown in fig. 67; 200. 

Fic. 92.—Part of section shown in fig. 76; X 200. 

Fic. 93.—Detail of surface of mature pileus; 320. 
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DEVELOPMENT OF ROOT SYSTEMS UNDER DUNE 
CONDITIONS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 250 
W. G. WATERMAN 
(WITH SEVENTEEN FIGURES) 


The attention of the writer was first attracted to this subject 
by the lack of knowledge in regard to the causes of the development 
and consequent extension of root systems.t' This seemed the more 
surprising because this knowledge is important, not only from a 
theoretical standpoint, but also because of its bearing on the prac- 
tical activities of plant production. All of the responses of plants 
to soil conditions, and some of those to atmosphere, are closely con- 
nected with the condition of their root systems, but in the past both 
botanists and agriculturists in the main have been satisfied to 
interpret results by observation of the shoots only. It is evident 
that in all cases where the chemical and physical content of the 
soil is not absolutely uniform, accurate interpretation of results 
must take into consideration the extension and general condition 
of the roots. 

Recognizing the practical difficulties of root observations, a 
locality was chosen in which the character of the soil and the scat- 
tered stand of the plants would make it possible to observe com- 
plete root systems under natural conditions. It was soon found 
that the distribution of nutrient material was also an easily observed 
and very significant factor in this locality. The region also proved 
to have great geological and synecological interest, and since it has 
been described rather fully (44) elsewhere, it will be treated only 
briefly here. 

In the figures the root systems are arranged as nearly as possible 
in the natural position in a vertical plane. A 10 cm. scale was the 

‘In this study the term ‘“‘development”’ will be applied to the process of increase 


in size and branching of the roots, “‘extension”’ will refer to the size of the system, and 
‘distribution”’ to the relative position of the system and its parts in the soil. . 
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standard measuring stick. When missing from any figure, the 
scale is the same as that of the adjoining figure. 

On account of the range of the subject and the relatively small 
amount of work done in it, the study has been largely a survey of 
the ground, and the results must be regarded as indications for 
future work rather than as final solutions of the problems. 

The work was carried on under the direction of Dr. H. C. 
CowLes and Dr. WM. Crocker, and grateful acknowledgment is 
made to them for their advice and general assistance; as well as 
to Dr. G. D. Futter, Dr. Soputa H. Eckerson, and Messrs. H. C. 
SAMPSON, E. J. Kraus, and J. T. BucHHOLz. 


Synecology of Crystal Lake bar region 
GEOGRAPHY AND GEOLOGY 


The region studied is located in the northwest corner of Benzie 
County, Michigan, and comprises a strip of land about 1 mile wide 
and 5 miles long between ‘the west end of Crystal Lake and Lake 
Michigan. Geologically it is probably a harbor bar formed during 
Algonquin time between the ends of two glacial ridges extending 
from Lake Michigan southeastwardly on either side of Crystal Lake. 
There are some indications that this strip may have a morainic core, 
but if so it was worked over and its top leveled off during the Algon- 
quin high water, so that from an ecological standpoint the situation 
would be the same. 

Soon after the recession ofthe post-glacial lake waters, the winds 
began the work of piling up dunes. Apparently they were begun 
much farther west on land since eroded away by the lake. The 
group which may be called the Point Betsie complex starts in a 
point on Lake Michigan at the western end of the grounds of the 
Congregational Summer Assembly and spreads like a fan to the 
north, about 2 miles in length and half a mile in width at its widest 
part. At its southern extremity the dunes are fixed with a very 
uneven contour, showing dune ridges and outlines of former blow- 
outs, and covered by a climax forest. Approaching Point Betsie 
the surface is lower and the fixed dunes give place to a complex of 
moving sand containing residual patches of the original forest. 
Above Point Betsie the dunes are fixed again and end with a definite 
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lee slope just where the edges of the northern glacial ridge disappear 
under the level surface of the bar. 

The glacial ridges consist of surface deposits of sand and gravel 
more or less water washed and stratified, but contain below at 
least one layer of laminated clay several feet in thickness. This 
layer appears on the Michigan shore bluffs and is occasionally 
exposed by erosion on hillsides and in ravines. On the shore end of 
the southern ridge is located a second small group of dunes about half 
a mile north of Frankfort. They are half a mile in length and one- 
fourth of a mile in width, and extend almost directly north from 
the shore, which at this point lies northwest and southeast. The 
group consists of small fixed dunes about 50 ft. in height, and the 
ridge is itself about 100 ft. above Lake Michigan. These fixed 
dunes have been blown out through the center in a long trough, 
which ends in a large, steep-sided, semicircular blowout popularly 
called the ‘‘Crater.”” For too yards or so from the edge of the shore 
bluff the sand has been blown away to or below the level of the 
glacial deposits, which are exposed in the bottom of the trough. 


CHARACTER OF ENVIRONMENTAL FACTORS 


CLIMATOLOGICAL.—So far it has been possible to obtain only 
incomplete and not entirely satisfactory observations, so that 
only a brief general statement will be given. There is nothing 
exceptional about the meteorological conditions of this region as to 
temperature, precipitation, or moisttre in the air and in the soil. 
On account of the marked projection of Point Betsie into Lake 
Michigan, it is exposed both to southwesterly and northwesterly 
winds, which probably accounts for the large amount of moving 
sand around the Point. The wind also has an indirect influence 
on evaporation and temperature, especially in summer, as a marked 
difference in both is observed when a period of easterly winds is 
followed by a similar period of westerly winds. 

SUBSTRATUM.—Open dunes.—On the dunes the blown sand is 
generally homogeneous in physical character, but a marked char- 
acteristic is the large percentage of calcium carbonate present in 
the form of residual grains formed by the grinding up of shells, 
apparently chiefly of gastropods. This calcium carbonate content 
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varies from 1 to 5 percent. The dune sand is also characterized by 
a very unequal distribution of organic material, in the presence not 
only of old soil lines, but also of buried plant remains and of patches 
and layers distinctly different in appearance and character from 
the ordinary dune sand. The old soil lines, which are familiar to all 
who have any acquaintance with dune regions, are usually quite 
extensive, but generally appear only as a dark layer on the sloping 
sides of blowouts. Only occasionally do they occur parallel to the 
surface of the sand at such a depth as to affect the roots of annuals 
or young perennials. The upper layers of the sand, however, are 
generally characterized by the occurrence of layers of a dark color, 
usually a few millimeters in thickness and covering less than a square 
meter in area. The cause of the color has not been determined 
definitely. It is apparently carbonaceous in nature, and its source 
might be attributed to thoroughly decayed organic matter, and 
sometimes also to unusual deposits of soot from steamers passing on 
the lake. There is some evidence that this soot accumulates 
on the snow in winter and is left on the sand when the snow melts 
in the spring. It has been noticed also that in periods of extreme 
dryness a very fine powder is formed from the attrition by the wind 
of the exposed dead roots‘and stems of plants, and this is unevenly 
distributed by the wind over large portions of the bare sand. When 
fixed by a sudden shower and covered by later deposits of blown 
sand, very thin interbedded dark layers might be produced. Other 
layers and patches are marly in nature, and appear to have been 
deposited in beds of dried pools in former pannes. Very rarely 
patches of rusty color, giving an iron reaction, are found. They 
are only a few centimeters in length and suggest a buried nail or 
possibly a bit of meteoric iron as their cause. 

Glacial deposits.—The upper layers of the glacial deposits are 
composed mainly of outwash material, sand with a few pebbles and 
an occasional bowlder. They are generally covered with humus, 
but in the crater blowout the erosion has been carried down to a 
gravel layer. This differs greatly from the dune sand in physical 
and probably in chemical constitution. 

Humus.—The forested dunes as well as the glacial deposits 
are completely covered with a thin layer of leaf mold. This is 
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surprisingly uniform in depth, rarely exceeding 10 cm. in thickness. 
The sand below this layer has been discolored for several decimeters 
and its chemical content is plainly affected by materials leached 
down from the humus above. 

Moisture content.—The moisture content of the soil win with 
the location and the character of the substratum, as is shown in 
table I. The 7 cm. samples were usually taken in the sand just 
below the lower edge of the humus, as it was thought that a centi- 
meter of depth more or less would have less significance than an 


indeterminable admixture of humus. ; 
TABLE I 
ones Average moisture 
Wilt 
Locality Depth in cms. 

Open dune summit............ 7 0.5 2.0 
Forested dune summit......... 7 1.8 2.1 
Forested dune side............ 7 1.0 2.2 

ECOLOGY 


CLIMAX FOREST.—The whole region, including at least part of 
the moving area, was originally covered by a heavy climax forest, 
which is still practically untouched in the southern tip and along 
most of the eastern edge of the dunes. The level ground on the 
Bar has largely been cleared, and is covered with second growth 
of forest trees and clearing pioneers, where not occupied by summer 
cottages. The climax forest is composed of beech, maple, and 
hemlock, with much yellow birch. The trees are tall and slender, 
with close stand and very little undergrowth where undisturbed. 
Occasional specimens of Quercus rubra, Pinus Strobus, and P. 
restnosa are found. Among the shrubs Acer spicatum, about at 
the southern limit of its range, Viburnum acerifolium, and Taxus 
canadensis are conspicuous. Characteristic species in the under- 
growth are Aralia nudicaulis, A. racemosa, Streplopus roseus, 
Clintonia borealis, Maianthemum canadense, Linnaea borealis, and 
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Mitchella repens, with Aspidium spinulosum, Adiantum pedatum, 
and Botrychium virginianum. 

Burned area.—The northern and central portions of the forested 
strip have been burned, in some parts repeatedly, in others not so 
recently. In the much burned portions the tree specimens are 
young and somewhat stunted. In the other portions the trees are 
larger and the undergrowth thicker. The species include Betula 
alba, Prunus virginiana, and P. pennsylvanica, with the more 
xerophytic relics of the mesophytic undergrowth, and much Pieris 
and Equisetum. 

Border zone formation.—Where the climax forest, stil] untouched, 
extends to the shore, a zone 50-100 yards in width shows a very 
characteristic difference in species. The trees are Thuja, Ostrya, 
Tilia, and Abies balsamea, with Celastrus scandens. The line of 
demarcation is not sharp, but the climax trees, especially hemlock, 
mingle with the others almost to the edge of the cliffs. The 
characteristic border zone species are not found farther back in the 
climax forest. 

DUNE COMPLEX VEGETATION.—On the open dune complex 
there are found a number of forest patches, apparently growing in 
valleys between former fixed dunes whose summits have been 
entirely blown away. ‘The interiors of these patches present all 
the characteristics of a heavy forest, and their evaporation rate is 
almost as low as that of the climax forest, but the vegetation is 
characteristic of the border zone already described, containing 
especially Thuja and Abies, and is marked by some trees reaching 
2 ft. in diameter, but not over 30 ft. in height. The undergrowth 
is similar to that of the climax forest, but is especially characterized 
by Viburnum acerifolium, Rhus toxicodendron, and Aralia nudicaulis. 
On the edges, next to the open sand, are found Arctostaphylos, 
Linnaea, and Juniperus horizontalis. These apparently originate 
in the fixed area and extend out onto the sand, forming a protective 
covering, which frequently contains also Juniperus communis. 
Buried trees and occasional graveyards are to be found all over the 
moving sand area. 

There is not much forest reproduction on the moving sand, and, 
unlike some similar regions, there are no young stands of Pinus 
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Banksiana, nor any cottonwood dunes similar to those of the 
Indiana-Michigan region. There are practically no panne colonies, 
but a few isolated oval groups, chiefly of Thuja and Betula alba, 
which seem to have originated from pannes, growing upward as the 
sand accumulates around their stems. A few other patches have 
reached the low conifer stage, but seem chiefly to have been inva- 
sions from the relic patches previously described. On the open 
sand the vegetation consists of characteristic pioneer herbs, Am- 
mophila and Calamovilfa among grasses, with Lathyrus maritima, 
Artemisia caudata, Campanula rotundifolia, Cirsium Pitcheri, some 
Hudsonia, and Zygadenus chloranthus. There are frequent mounds 
protected by Calamovilfa, Prunus pumila, Salix syrticola, and 
Cornus stolonifera. 

The growth of grasses, especially Ammo phila, is quite extensive, 
and frequently approaches the character of fixed grass dunes. This 
is especially noticeable on the advancing lee slopes, where the com- 
plex is overwhelming the climax forest. 


Literature 


In view of the state of our knowledge of the general subject, the 
literature was reviewed rather fully, but only a brief summary of the 
results will be given here. The survey covered only the extension 
and distribution of soil roots, and the questions of absorption, 
structure, and effects of environmental factors were considered only 
as they affected extension. Owing to the range of the subject, the 
matter was treated from the standpoint of lines of work followed 
rather than that of historical development. These will be sum- 
marized and general conclusions indicated. 

INTENSIVE STUDY OF ROOT SYSTEMS.—This line has been fol- 
lowed mostly by German workers, and was directed chiefly toward 
the questions of structure and function, either in different roots of 
the same maturity or in the same root at different stages of its 
development. The leading workers along this line were von 
ALTEN (1), FREIDENFELDT (16, 17), and TsCHIRCH (43). KROEMER 
(24) has made the most thorough study of the ‘biological’ sig- 
nificance of structure, and concludes (1) that the root is divided 
longitudinally into zones characterized by greater or less suberiza- 
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tion in the different layers of the root, and (2) that the distances of 
these zones from the root tip are specific. Specialized types are 
also reported: “contractile” (RrmBAcH 30); “deciduous” and 
“rudimentary” (CANNon 6). Root systems are classified as 
“intensive” and “extensive” by BUSGEN (4), and he regards these 
as hydrophytic and xerophytic, respectively. 

EXTENSION.—The largest amount of agricultural work has 
been done by KING (23), TEN Eyck (39), SHEPHERD (36), and Gorr 
(18). Their conclusions were largely along practical] lines and in 
many cases simply confirmed conclusions already reached by empiri- 
cal methods. ScHutLze’s (34) work is especially to be commended 
for carefulness of records and character of photographs. CANNON 
(6, 9): has done the most comprehensive work on arid regions. His 
records are very complete, but his method of recording is not uni- 
form and no scales were photographed with his plants. In several 
cases photographs manifestly of different enlargement were included 
in the same plate. On other wild herbs the best work was by 
WEAVER (45) on about 20 species of prairie plants. The observa- 
tions were carefully made and well recorded, and the plants were 
photographed with scales attached. This work promises well for 
his “Ecology of roots’’ (46), soon to be published by the Carnegie 
Institution. This latter study was undertaken to determine the 
root habits of dominant and subdominant plants that were growing 
under a wide range of climatic and edaphic conditions; to find 
the root relations of the plant communities as units of vegetation; 
and to determine the root distribution and root competition of the 
individual species in their relation to other species in the vegeta- 
tional group. Other aims were to determine the relation between 
the root habits of plants in various communities and their succes- 
sional sequence; and to obtain a more definite knowledge of the 
indicator value and significance of various species used in classifying 
lands for grazing or for agriculture; as well as to aid the forester in 
selecting sites for afforestation or reforestation. The investigation 
extended over 4 years, during which time more than 1150 individual 
root systems of about 160 species of shrubs, grasses, and non-grassy 
herbs were excavated and studied-on the prairies of eastern Nebraska, 
the chaparral of southeastern Nebraska, prairies of southeastern 
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Washington, plains and sand hills of Colorado, the gravel slide, 
half gravel slide, and forest communities of the Rocky Mountains of 
Colorado. Among other interesting observations on roots inci- 
dental to studies of other features, HitcHcock (21), PAMMEL (27), 
and SHERFF (37) might be mentioned. Very little work has been 
done on the root systems of trees. BisGEN (5) was not accessible 
to the writer. PuLiinc (28) describes the root systems of certain 
trees of the northern coniferous forest, but does not attempt much 
explanation of the phenomena observed. 

EFFECTS OF ENVIRONMENT.—The main records of the influence of 
soil on the extension of root systems are incidental to other sub- 
jects, as CANNON (6, 8), HiLGArRp (20), HELLRIEGEL (19), and 
others. CRAIG (12) observed the effects of frost on the root sys- 
tems of fruit trees; Totsky (40) made some careful experiments 
with oats grown at 25° and 8°, respectively; and TRANSEAU (42) 
observed the results of different temperatures on the growth of 
seedlings in bog water. CANNON (10) discusses the relation of 
temperature to rate of root growth. As to the depth of water table, 
CANNON (7) made observations on the root systems of desert plants 
and also on development of seedlings in relation to the water supply. 
CANNON and HitcarD give some information on the effects of 
drought, but the most extensive article by Rormistrov (31) was 
accessible only in the review in the Experiment Station Record. 
BENNETT (3) offers evidence that roots of certain land plants are 
not aérotropic, and CANNON (8) concludes that in mesquite and 
Fouquieria aération within limits favors root growth and shoot 
development. Noyes, Trost, and YopEeR (26) conclude that 
excessive CO, is detrimental to normal root development, and 
agree with CANNON and FREE (11) as to the importance of soil 
aération. 

Since the work of NoBBE (25) and STOHMANN (38), HOVELER 
(22), BENECKE (2), and ToTTINGHAM (41) have done the most 
comprehensive work on chemicals. On the whole, such work has 
been chiefly on the roots of seedlings, and the question at once 
arises whether the results would have been the same with mature 
root systems. BENECKE quotes Prosst to the effect that “observa- 

tions on mature plants gave results opposite to those in plants less 
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mature, but even then the evidence seems somewhat contradictory.” 
BENECKE concludes that,on the whole, scarcity of chemical nutrients 
tended to increase root length, calling this effect “hunger etiolation.” 
HOvELER reached similar conclusions by growing plants in alternat- 
ing layers of sand and humus. SEELHORST (35), by counting the 
number of roots found in fertilized and unfertilized patches, decided 
that ‘‘in the fields investigated, plants strongly fertilized not only 
produced stronger roots, but also roots penetrating to lower levels.” 
RUSCHE (32) used various salts on 8 groups of plants and concluded 
that the different groups responded somewhat differently, but that 
on the whole sulphates produced the longest and nitrates the 
shortest root systems. ‘TOTTINGHAM made a thorough study of the 
effects of various salts on young wheat plants in water cultures by 
varying the proportions of the components of Knop’s solution. He 
included observations on length and weight of roots developed, 
but drew no general conclusions. DACHNOWwSKI (13, 14, 15) and 
RicG (29) conclude that toxins in bog waters and in decaying rhi- 
zomes respectively cause stunting of roots and therefore xerophily 
or death of plants. 

SCHREINER and REED (33) conclude that roots of healthy grow- 
ing plants excrete substances deleterious to root growth, especially 
in plants of the same species. 


Conclusions from literature 


1. There has been comparatively little work done on extension 
of root systems as such, and the value of the results is lessened by 
the lack of uniformity in recording, which makes it practically 
impossible to compare the results of different workers. The use of 
vague descriptive terms in characterizing the branching of roots 
is also unsatisfactory. 

2. Much variability of roots as a result of the action of the 
environment is reported, but most of this action is destructive, as 
the results of frost, drought, hard soil layers, etc. The experi- 
mentation with chemicals shows differences in length and weight of 
roots, but does not offer any definite evidence as to the causes 
of root extension in general or of differential extension within a 
single root system. 


32 BOTANICAL GAZETTE [JULY 


3. The elaborate studies of the structure of roots are marked in 
the main by great freedom of inference as to the functions of these 
structures. There would seem to be need of further evidence, 
experimental or otherwise, to give a more certain foundation for the 
statements as to function. 

4. It seems evident that extension of root systems should be 
interpreted in the light of the structure and function of the roots in 
question. The length of a root is of little importance unless we 
know how much of it is functioning for the plant. Great length, 
also, or closeness of branching, may have very different causes and 
effects in different species or under different conditions, and so a 
very different meaning to the plant. 


Root systems of dune plants 
GROWTH HABITS OF ROOT SYSTEMS 


MeEtTHOoDs.—From the consideration of the literature, it becomes 
evident that the extension of root systems means very little ecologi- 
cally unless interpreted in the light of function and of probable 
causes of that extension. Studies which include simply the extension 
of root systems, without considering the conditions of their develop- 
ment and in some way evaluating the absorbing power of their 
different parts, omit a large part of the significant elements of the 
problem. For these reasons it seemed better not to attempt to 
study the extension of the root systems of all possible plants found 
on the dunes, but to confine the attention more intensively to a 
few species. Within the limits of the present paper it will be pos- 
sible to study only the development of roots in relation to the 
factors of their environment. ‘This can best be done by beginning 
with the germinating seed and tracing the probable course of 
development with the influence of the environmental factors always 
in mind. From this viewpoint length and weight of roots would be 
of less importance than the determination of a ‘‘normal”’ root sys- 
tem and the interpretation of the modifications actually found. 
The question of structure and function, while equally important, 
cannot be considered in the present paper, but must be left for 
future study. 
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GENERAL DESCRIPTION OF CERTAIN SPECIES.—Prunus pumila. 
—This was the species first investigated because, as a perennial 
well distributed over the Betsie complex, it showed promise of a 
permanent and well marked root system. On investigation it 
proved to have not only these features but other characteristics 
which admirably fitted it to serve as a basis of comparison with 
other species. As usually observed on the dunes, the plant has 
more or less of a shrub habit, with many stems caused by vegetative 
reproduction of parts buried by the sand. Under these conditions 
it frequently functions as a sand binder and forms a protected knoll 
or hummock. On the other hand, where the sand is being blown 
away, a long straggling stem will be produced, more or less prostrate 
and with little branching. In general the shrub type seems to 
fruit best, and seedlings are most abundant at the base of a shrub or 
around a knoll, although the fruits sometimes roll or blow some 
distance before being covered with sand. 

The only conditions of germination seem to be burial over a 
winter in 1 or 2 inches of sand. In the laboratory the seeds germi- 
nated readily in a sterile moist chamber on filter paper, after the 
stony pit and the seed coat had been removed. 

After 3 months’ growth on the dunes the root system shows the 
general type illustrated in fig. 1, while a 3-year-old seedling is 
shown in fig. 2. The root system, however, does not usually develop 
along these lines. The more usual form is extremely asymmetric 
and develops very unevenly, as indicated in fig. 3. All the seedlings 
show wide individual diversity of form, and these specimens are 
not at all exceptional in their eccentricity. An examination of these 
asymmetric forms shows that their irregularities are connected with 
the distribution of more or less decayed plant parts under the sand. 
A typical illustration of this is shown in fig. 4, where horizontal 
laterals are shown passing through and exploiting bits of stems, 
branches, etc. When a seedling grows in the vicinity of a dark 
layer already described, its laterals are generally found in these 
layers, and they are more branched and longer than those in ordi- 
nary dune sand; in fact, a layer of this sort will generally be found 
to contain many rootlets of various species of plants, while the sand 
on either side is almost completely free from them. An interesting 
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case was found in the sand at Miller, Indiana, shown in fig. 5. 
A 3-year-old specimen (0) grew within the field of such a layer, and 
the effect is seen in its well developed horizontal laterals. The 
carbonaceous layer in question was absent in the neighborhood of 


Fic. 1 Fic. 2 


Fics. 1, 2.—Prunus pumila: fig. 1, 3 months old; fig. 2, 3 years old 


Fic. 3.—Prunus pumila, showing asymmetric habit 
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the 2-year-old specimen a, barely 2 ft. away, and the absence of 
prominent laterals is very marked. Cases of extreme elongation 
were occasionally observed, as in fig. 6. In the specimen figured, 
the root came in contact with a decaying grass rhizome and turned 
back at a sharp angle, following the rhizome for about 60cm. Ina 
similar case the root did not make such a sharp angle, but followed 
the rhizome for an even greater distance. It should be noted in 


Fic. 4 Fic. 5 

Fics. 4, 5.—Prunus pumila: fig. 4, showing relation of roots to buried plant parts; 


fig. 5a, 2 years old, which grew in normal dune sand; 5, same, 3 years old, which grew 


in sand with interbedded black layers. 


both cases that the size of the shoot was not at all in proportion to 
the length of the root. 

In these cases the relation of the root to the — matter is not 
clear. Generally there is little penetration of the tissue of the 
decaying organ. There are occasionally short laterals clasping 
the foreign body, frequently passing under a sheathing leaf or a 
disorganized epidermis, and in cases of extreme decay adjusting 
themselves to the easy passages formed by the disintegration of the 
middle lamella of the cell walls. There are no indications of haus- 
toria or of actual penetration of cell walls. In black layers and 
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patches in the sand there are cases of extreme development of small 
rootlets with close branching. 

The development of the shoot is more or less connected with the 
presence of these plant parts. Seedlings whose roots do not come 
in contact with such organic matter have few and small leaves, and 
in general it would seem that the securing of food from such organic 
matter is essential to the development and maturity of the plant. 
Most of the plants which have reached the shrub stage are found to 
have stems which 
have apparently 
come up through 
superposed masses 
of sand, and while 
it has not been 
possible to demon- 
strate the presence 
of organic matter 
at the base of such 
shrub systems, 
such presence is 
very strongly con- 


pearance of the 
plant and the evidence from the smaller specimens excavated. The 
condition of the shoots with very long roots will be considered later. 
In the sphere of inhibiting factors very little evidence was 
observed. On account of the scattered stand the roots seldom 
come into contact with roots of other plants, but occasionally 
they were found exploiting bits of buried plant material in com- 
. pany with and unaffected by roots of (a) other species. In one 
case, however (fig. 7), a P. pumila seedling had sent its roots down 
almost into a thick mat of willow roots (6). Here there seems to 
have been a very definite dwarfing of the root system, either from 
the presence of injurious excretions or because of the removal of 
water or nutrient material by the willow roots. 
The presence or absence of the water table seemed to have no 
directive effect on the P. pumila roots; in fact several seedlings 


1919] WATERMAN—ROOT SYSTEMS 37 


were found growing in the water on the edge of a pool, with no 
apparent effect on the roots. Observations near Miller, Indiana, on 
P. pumila and Populus deltoides, seemed at first to show such effects 
(fig. 8). The seedlings were growing in very wet sand with the water 
table only 8-10 cm. below the surface. On inspection the water table 
zone proved to be very mucky and foul, and the effects on the tap- 
roots seemed to be a rotting due to the action of micro-prganisms, 
with a proportionately increased development of laterals. 


Fic. 7 Fic. 8 


Fics. 7,8.—Prunus pumila: fig. 1a, with stunted root system; b, horizontal layer 
of matted willow roots in approximately natural position with relation to P. pumila 
roots; fig. 8, root systems showing effects of high water table, Miller, Indiana: a, 
Populus deltoides; b and c, Prunus pumila. 


Ammophila arenaria.—While this is the typical plant of the 
open dunes, its seedlings are difficult to find, and its reproduction 
is mostly vegetative through rhizomes. The spikes are thoroughly 
exploited by insects, and when gathered late in the season very 
few seeds will be found untouched. For this reason the seedlings 
are very scanty, except in dense colonies where mature spikes 
have been buried by fresh sand, and even then there are seldom over 
6 seedlings from a whole spike. In the mature plant, as is well 
known, there is a long slender rhizome producing usually 2 roots 
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and a bud at each node. The bud frequently does not develop, 

but the roots range widely under normal conditions through fresh 

blown sand, often reaching a length of several meters. They are 

thickly set with short laterals which bear abundant root hairs. 

At times the tips of these roots are much enlarged for about 10 cm., 

gradually tapering in both directions and without branches. All 

the roots are extremely wiry and tenacious, and on account of their 
fineness and length cannot well be shown in a figure. 

It has generally been recognized (WESTGATE 47) that Ammo ph- 

ila ordinarily requires annual supplies of fresh sand for its best 

_ development. Field ob- 

am servations in this region 

would indicate also that it 

does not thrive in sand 

possessing an appreciable 

£ amount of humus, and that 

c, its colonies do not extend 

across the border into such 

a region (sand containing 

humus). In at least one 

case a colony seems to be 

dying out in the presence 

of a competing colony of 

Fic. 9.—Seedlings of Ammophila arenaria, Calamovilfa, which has 

2-3 months old: a, in homogeneous dune sand; not been studied closely, 

b, all roots in contact with buried plant parts; c, byt which seems to be 


upper roots in sand, lower in contact with buried 
plant parts. more humus tolerant than 


Ammophila. Excavation 
shows that the roots of mature plants of Ammophila exhibit little 
response to organic material, following black layers only slightly and 
frequently passing obliquely through them. A study of the seedlings 
would seem to indicate that the extension of their roots may to some 
extent be inhibited by the presence of decaying plant parts. In 
fig. 9, a grew in pure sand, but in 6 all the roots came directly into 
contact with buried Ammophila leaves and stems, and in c the 
upper roots developed in pure sand and the lower in plant remains. 
It will be noted that in 6 and c the roots do not extend beyond the 


| 


1919] WATERMAN—ROOT SYSTEMS 39 


decaying plant parts. Great care was taken in excavating these 
specimens, which are simply typical of a number of cases found, and 
there can be no question that in every case the roots stopped in the 
decaying plant parts as figured. 

Artemisia caudata.—This species germinates freely on the open 
dunes, and also in the edge of the forested sections. It is described 
by Gray as not perennial, but the character of the mazure speci- 
mens found on the dunes would indicate that there at least it has a 
perennial habit. Two series of plants are shown, one grown in 
pure sand (fig. 10), the other in sand containing some admixture 


Fic. 10 Fic. 11 


Fics. 10, 11.—Artemisia caudata: fig. 10, which grew in pure dune sand, showing 
.stumps only of long laterals; fig. 11, of apparently same ages as in fig. 10, but in sand 
containing some humus; laterals very short. 


of humus (fig. 11). In the former may be observed the stubs of the 
characteristic laterals, which in mature specimens extend 20-30 ft. 
No attempt has been made to show in the figure the full extent 
of these laterals, but rather their relation to each other and to the 
taproot. In pure sand this species shows some of the asymmetry 
of Prunus pumila, but the causes are not so evident. In some 
specimens very long laterals develop almost on the surface of the 
sand, and are so shallow that they are often exposed and killed 
by the blowing away of the upper dry sand layer. In other speci- 
mens it is one or more of the deep seated laterals which shows 
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extreme elongation. The superficial laterals show marked paral- 
lelism with the upper surface of the sand, even in plants growing 
on slopes; where the laterals join the main root at different angles, 
they are acute on the upper side and correspondingly obtuse on 
the lower. The position of these laterals seems to be on the rela- 
tively constant plane separating the upper layer of dry sand from 
the moist sand which constitutes the remainder of the substratum. 
In general the system is characterized by extreme shortness of 
taproot, but occasionally the taproot becomes very prominent. 


\ 


Fic. 12 Fic. 13 


Fics. 12, 13.—Fig. 12, Campanula rotundifolia: a, normal root habit; 6, young 
plants on exposed edge of horizontal marly layer; fig. 13, seedlings of Lathyrus mari-- 
tima, showing remains of seed and root tubercles. 


Artemisia resembles Ammo phila in the reduction in length of roots 
in the presence of organic matter or humous layers, and its roots are 
not attracted by decaying plant parts. It will be noted in fig. 11 
that the laterals of this series, which grew in sand mixed with humus, 
are finer, more branched, and with none of the very long laterals 
of the pure sand specimens. The fact that the roots are not 
attracted by decaying plant parts was distinctly shown in one case 
where a mature plant with laterals up to 6 ft. in length was growing 
near a decaying log. One lateral passed a few inches below the 
log in a zone of leaching, bent first away, then toward the log, 
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then away again, and showed in general no effect attributable to 
the presence of the log. A marked attraction would have been 
expected if the plant had been P. pumila. 

Cirsium Pitcheri.—This is apparently ecologically similar to 
Artemisia caudata as to locality and general conditions of growth, 
but it differs in having a strongly developed taproot with very few 
and inconspicuous laterals. Occasionally, for no apparent reason, 
a single lateral becomes prominent, as in Artemisia. 

Campanula rotundifolia.—This species is not uniformly dis- 
tributed, but apparently germinates freely in restricted localities 
on the open dunes, as well as in open places of a humus bearing 
substratum. Its-marked characteristic on the dunes is the long 
taproot with U-shaped insertion of laterals (fig. 12a). In one case 
where a buried marly layer was exposed on a slope a row 
of seedlings was observed growing along the exposed edge of the 
layer, and the roots were found to have grown horizontally inward 
through the marly layer (fig. 12b). They have not been observed 
in contact with the dark layers, so their reaction to them cannot be 
stated. 

Lithospermum Gmelini.—This is a fairly well distributed plant 
on the open dunes, and is characterized by a very long, thick, black 
taproot, with almost no laterals. A study of the structure might 
reveal some interesting features as to the absorbing power of this 
root. 

Lathyrus maritima.—This species is frequently the companion 
of Ammophila, but it differs in root development in some important 
respects. It germinates freely on the open dune, producing numer- 
ous seedlings. No marked seedlings have been followed over 
winter, but from the scarcity of 2-year-old plants they do not seem 
to survive well, either on account of sand movement or possibly 
because of lack of nutrition. The mature plant develops a wide 
ranging rhizome, deeply placed and difficult to excavate unless 
exposed in a blowout. The roots are scattered and usually not 
over 10-20 cm. in length. Root tubercles are early developed 
in dune sand (fig. 13), but less in some localities than in others, 
possibly on account of unequal distribution of infecting organisms. 
When present the tubercles occur only near the surface of the sand, 
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they do not occur in a humous layer, and in humus the roots are 
longer than in sand. 

Several species found more or less frequently on the open 
sand, but especially along the borders of forested patches being 
blown out, have in general similar characteristics, and will be 
described together. These are Thuja occidentalis, Cornus stolonif- 
era, Arctostaphylos Uva-ursi, Vitis spp., Betula alba, Tilia ameri- 
cana, and Juniperus horizontalis. These rarely germinate on the 
open sand, although Thuja and Betula alba are occasionally found 
germinating on the edges of blown out patches, and regularly 
germinate, when present, on the floor of these.same patches. A 
study of their root systems shows that the roots regularly follow and 
exploit the carbonaceous layers and old soil lines, and the plants ' 
remain stunted unless their roots find such plant remains. 

Populus deltoides.—This species is very rare in this region, and 
its ecological equivalent, P. balsamifera, is found sparingly along 
the shore of Lake Michigan, more frequently on Crystal Lake 
beach, and in the burned part of the forested dune area. 

Salix spp.—The willows were not included in this study, 
although their roots were frequently met, and certain points may 
be noted. They showed a positive and vigorous hydrotropism, 
which was observable in the neighborhood of pannes and also of 
Lake Michigan. Several times roots were found descending with 
the slope of the surface of the sand until they finally entered the 
water table and passed under the pool in the panne. They also 
show in marked degree the ability to form a small bunch of closely 
branched rootlets in small dark patches in the sand. 


GENERAL OBSERVATIONS 


Root systems in glacial gravel layers.—In the blown out portions 
of the Crater group gravelly layers of the glacial substratum had 
been laid bare and bore a scattered vegetation similar to that of 
the dunes. There was some excavation of Prunus pumila and of 
Artemisia in this locality, and indications seemed to point to a 
closer and more regular branching. There were of course no 
buried plant parts, so that asymmetric development would not be 
expected (fig. 14). 
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Mycorrhiza.—The question of symbiotic fungi suggested itself 
early in the investigations, but there was no opportunity for a 
detailed study. Slight examination of a few species was made, 
but did not show evidence of the presence of such fungi. 

Enlarged root tips —A frequently observed feature of many of 
the dune species was the marked enlargement of some root tips. 
The tip rapidly increased to 3 or 4 times its normal diameter and then 
gradually tapered away again, the extreme length of the enlarge- 
ment being 20-30 times its greatest diameter. This enlargement 
seemed to be confined to the central tip of the larger branches only, 


Fic. 14.—Prunus pumila plants in sandy morainic substratum 


and especially in those which showed a marked and rapid extension 
into new territory, for which reason the name “pioneer” or invad- 
ing root tip has suggested itself for this type. It was found under 
apparently normal conditions both in pure sand and in humus, but 
in the sand it seemed to be increased in some species by the chemical 
solutions used, and even by distilled water. The largest tips found 
were in the case of Juncus balticus, where in shape and size they 
resembled large angleworms. It was not possible to make a 
microscopic examination of fresh material, but sections of tips 
preserved in 4 per cent formaldehyde showed no signs of symbiotic 
fungi or animal forms. The enlargement seemed to be due to 
increase in size and number of the parenchyma cells. 
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In several cases there were indications that taproots and 
laterals gave different reactions to the same stimuli. In these 
species taproots were never deflected by horizontal black layers or 
plant parts, while laterals were apparently free to move in any 
direction. Typical species showing this habit were Artemisia and 
Cirsium Pitcheri, while in Prunus pumila and notably in Campanula 
the taproots, if such they could be called, showed marked variabil- 
ity ina horizontal direction. Whether this difference was structural 


Fic. 15 Fic. 16 


Fics. 15, 16.—Fig. 15, P. pumila root system after 2 months’ irrigation with 
Knop’s solution; round black spot represents location of center of diffusion and 
dotted circle apparent limits of influence; practically all new roots found within the 
circle; fig. 16, Thuja occidentalis: new root tips grown under irrigation with Knop’s 
solution. 


or due to a difference in quantity or quality of the stimulus was not 
evident. 


_ EXPERIMENTATION 


A consideration of these observations would suggest several 
possible factors as causes for the observed characteristics of root 
systems of dune plants. Chief among these would be the distri- 
bution of chemical materials not normally found in dune sand, also 
the distribution in the sand of moisture and of oxygen and the 
varying penetrability of the sand. As the chemical factor seemed 
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most likely to be the controlling one, some experiments were carried 
on in the endeavor to clear up this point if possible, and to indicate 
the nature of the chemicals producing the different results. 
EXPERIMENTS WITH PLANTS IN sITU.—The first question to be 
settled was, can root extension be stimulated by the presentation of 
nutrient material either to the root tips or along the more mature 
roots? This was investigated by diffusing Knop’s solution from 
porous cylindrical cups (old atmometer cups in this case) which had 
been buried in the sand near the roots of growing plants. The cups 


Fic. 17.—P. pumila, 3 months’ seedlings grown in pots: a, irrigated with rain 
water; b, with Knop’s solution; c, grown in rotted barnyard manure and humus. 


were located at a distance of 5-10 cm. from large lateral roots near 
a portion of the root practically without secondary laterals. The 
cups were filled about 3 times a week with 0.6 Knop’s solution and 
were dug up after 2 months. In every case there was a marked 
development of laterals in the zone of diffusion of the solution. 
This was tried with Prunus pumila and with Thuja occidentalis 
(figs. 15, 16). The contrast between the old bunched roots and 
the new slender ones is striking. Controls with distilled water 
showed no abnormal development. 
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POT CULTURES WITH NUTRIENT MATERIALS.—Pot cultures with 
P. pumila seedlings were grown in dune sand watered (1) with dis- 
tilled water, and (2) with Knop’s solution, and (3) in a substratum of 
rotted barnyard manure. The results are shown in fig. 17. While 
the root systems in (1) and (2) seem rather similar in extension, an 
examination showed that (2) was more closely branched than (1) 
and had nearly twice as many absorbing root tips. The striking 
feature of (3) was the much greater development of the shoot. 
Attempting to reproduce more closely the natural conditions, a 
seedling was grown in the laboratory in a pot of sterile dune sand in 
which a small patch of rotted manure had been included. Here 
the most marked extension of rootlets appeared under the patch of 
organic matter in a space stained by leaching from the material 
above. 

POT CULTURES WITH INORGANIC SALTS.—Experiments on the 
directive influence of inorganic salts have showed so far only indica- 
tions and suggestions. RUSCHE (32) has already shown differences 
in extension produced by different salts, and attempts were made 
to extend his results along the line of directive influence. The 
technical difficulties of finding suitable seedlings and of presenting 
the chemicals in solution from one side only, along with the uncer- 
tainty as to the direction and extent of diffusion of the solution 
through the sand, have so far prevented reaching any conclusive 
results. Indications of a tendency to react in accordance with the 
sequence of the liatropic series were observed and definite specific 
differences were also evident. 


Discussion and conclusions 


The most marked feature of these observations is the varied 
reactions of different species to apparently identical environmental 
conditions. These showed sufficient constancy within a species, 
but with such differences in different species as to suggest that the 
reactions are specific and that the controlling factor is heredity. 
Their general character also strongly suggests their relation to a 
former habitat or condition of growth. It would seem possible 
that species which had varied in the direction of an extended root 
system in sandy soil had survived there and had become adjusted to 
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that environment, and that when germinating in soils richer in 
nutrients these root systems would be less extended. On the other 
hand, species which had similarly become adjusted to the richer 
soils had thereby become dependent on these soils for the 
development of extended root systems, and were therefore stunted 
in sandy soils. While a relation to past conditions may not be the 
true explanation for this specificity, the facts are evident and cer- 
tainly indicate very definite relations to present conditions. These 
should be of great value in selecting species for revegetating exposed 
areas and other localities where the humous content of the soil is 
slight or unevenly distributed, as well as in the cultural treatment of 
species which may be regarded as worthy of development for their 
economic value. 

On this basis it would follow that general statements in regard 
to the root habits of dune plants as a class are dangerous, and that 
the so-called “dune pioneers” are not all on the same footing; 
that in fact they should be put into two widely different groups with 
a series of types occupying intermediate positions. In one group 
would be the Prunus pumila type, which does not have the power 
of extending root systems widely in pure dune sand, but is stunted 
and does not reach maturity unless its roots find buried organic 
matter. In the opposite group would be the Ammophila type, 
which reaches maturity in pure dune sand and whose root system is 
limited in extension by the presence of decaying plant materials. 
Similar to Ammophila would be Artemisia, Cirsium, and Campanula, 
with Calamovilfa and other grasses, and probably species of Solidago 
and Aster. Lithospermum is similar ecologically, although with a 
very different root habit, while ZLathyrus maritima occupies a 
peculiar position on account of its relationship to the nodular 
bacteria. From these observations it would seem that Ammophila 
is the only plant which can reasonably be expected to thrive suc- 
cessfully on the normal dune substratum. 

In seeking for the causes of the asymmetric development of root 
systems observed, it is evident that the only factors to be considered 
are those working in the soil and exerting an unequal or one-sided 
influence in the system as a whole. These may be limited to four, 
namely, moisture, chemicals, oxygen, and density or penetrability 
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of the soil. In the case of a few plant groups, as the willows, which 
are recognized as having a hereditary hydrotropic tendency, there 
will be little question as to the dominant factor, but the evidence 
in the cases of the species previously described must be considered 
somewhat carefully. 

Taking up first the possibility of moisture as the main factor, 
it should be noted that below the first few centimeters water is 
evenly distributed in dune sand, and cannot be regarded as the 
causal factor in the development of the asymmetric root systems 
described. It might be assumed that the following of humous layers 
and dark patches by plant roots should be attributed to the presence 
of a greater amount of moisture in those patches than in the adjoin- 
ingsand. Granting the power of humus to absorb greater amounts 
of water than can the pure sand, it would be difficult to prove that 
water was held by these patches beyond the quantity required by 
their increased wilting coefficients. The patches are so small and 
the medium so unstable that it would be practically impossible to 
collect from adjoining patches pure samples large enough for 
accurate determination of their respective moisture contents and 
wilting coefficients. In the experimental work the adjustment of 
the water supply was a difficult matter. As a result there were 
occasional reactions which seemed to point to the influence of 
moisture, but even in these it could not positively be stated that 
chemical influence was not the dominant factor with moisture as 
contributory only. 

Approaching the question from the chemical side, we find 
definite evidence, both from observation and from experimentation, 
that, with the species considered, variations in chemical solutions 
produced changes in root development, while variations in water 
supply produced little or no evidence of such changes in develop- 
ment. Perhaps the most conclusive evidence was found in the case 
of a patch of humus in a pot culture of Prunus pumila. Here 
the abnormal development of laterals occurred under the patch of 
humus in a zone stained by leaching of organic matter rather than 
in the free region on either side, where the moisture content should 
be the same as in the region under the organic patch. 

We find also marked differences in elongation of root systems in 
the presence of decaying plant parts. Contact with or even coming 
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into the zone of influence of these plant parts seems to cause elonga- 
tion of the roots of some species, but inhibition in those of others. 
The determining factor here might be a direct chemical stimulation, 
the furnishing of organic material, or in opposite cases the presenta- 
tion of some injurious or inhibiting chemical product of decay. 
No deciding evidence has as yet been secured along this line. There 
were some indications that the roots of seedlings are more sensitive 
to inhibiting factors than are those of mature plants. 

Oxygen.—There was little evidence of unequal distribution of 
oxygen through the dune substratum. The only exception would 
be in connection with a high water table, and there the evidence 
was not conclusive. The slight effects observed were inhibitory in 
nature, and, in one case at least, referable to destructive action of 
micro-organisms rather than to a direct reaction of the plant tissue 
to the absence of oxygen. 

Penetrability of the soil.—It is quite possible that the substratum 
may be more penetrable in some localities, either on account of 
differing densities of certain layers or of the disintegration of buried 
plant parts. This would be difficult to prove either way, but there 
was no evidence of any tendency of the root tips to be turned back 
by a less penetrable layer when accidentally wandering too near 
to the borders of a dark layer, as would be the case if the dark layer 
had been the more penetrable medium. In fact the only observed 
case of a probable difference in penetrability was that of a soil 
layer which apparently contained a percentage of wind-blown clay. 
In this case certain roots were distributed along the upper surface 
of this layer when normally they might have been expected to pass 
directly down through it. As already indicated, the difference of 
penetrability of the moist sand under the soft sand mulch may be 
the determining factor in the distribution of Artemisia laterals. 
This distribution, however, may also be explained by the difference 
in moisture content of the two layers of sand. 

There is no clear indication as to the method by which the chemi- 
cal substances act on the root, whether by direct stimulation or by 
removal of some inhibition; neither are the relative réles of organic 
and inorganic substances more than suggested. The cases of 
marked elongation of roots in one direction would seem to indicate 
the possibility that roots under certain conditions can make use of 
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organic matter directly; in other words, that green plants may be 
somewhat saprophytic in nature. A careful microchemical study 
of the contents of the root at different points along its length would 
be necessary in order to get any definite information on this point. 
It would probably occur only when the root found materials exactly 
suited to its needs, and would be proportionately greater as the 
increasing length of the root made transportation to the shoot 
increasingly difficult. 

Under these stimulating influences abnormal lengthening and 
thickening of roots occur to such an extent as to call in question the 
value of the common method of estimating root development by 
measuring the length and weight of roots. In fact, if the explana- 
tion of direct local use of organic material of the root be accepted, 
the abnormally long root may be a detriment instead of a benefit 
to the plant as a whole. It would seem as though there could be 
developed some method of evaluating the absorbing power of roots 
through study of the structure of the different parts of the root 
system which would give more dependable results than the length 
and weight method. 

The evidence cited emphasizes the unique character of the 
dune substratum, in that pure dune sand is the only soil in which 
mineral salts, with the exception of calcium carbonate, are prac- 
tically absent, and organic matter is so rare and scattered that asa 
general factor it is practically negligible. This is in strong con- 
trast with many arid deserts in which large quantities of desirable 
mineral salts are present, needing only the addition of water to 
make them available for plant use. While irrigation is the main 
need of many desert stretches, it would not solve the problem of 
plant culture on a dune area. 


Summary 


1. The study of the literature shows that the work done on 
extension and development of root systems has been surprisingly 
little, in view of the importance of the root in the utilization of 
moisture and chemicals in the soil. This study also emphasizes 
the necessity of interpreting the extension of root systems in the 
light not only of structure and functions, but also of the causes of 
such extension. 
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2. The study of the habitat selected shows that dune sand as a 
substratum for plant growth is almost unique in uniformity of 
texture and in absence of mineral salts required by growing plants. 
It is homogeneous chemically, but contains not only old soil layers 
but minute streaks and patches, apparently of carbonaceous and 
organic origin, as well as dead plant parts, very unequally dis- 
tributed. 

3. The roots of dune species react differently to the elements of 
this heterogeneous structure, extension being increased in some 
species by the buried organic matter, while others seem unaffected 
or even inhibited by it. 

4. These reactions are specific and hereditary, and may reflect 
the conditions under which the ancestral plants grew. They must 
be regarded as of great importance in the choosing of species for 
introduction into conditions where the humous content is uneven. 

5. Giving due weight to the possibility of moisture, oxygen 
content, and penetrability of the sand as influencing factors, the 
evidence seems to point conclusively to nutrient or at least chemical 
influence as the cause of variability in symmetry in the extension 
of roots under dune conditions. 

6. Under certain conditions the root apparently utilizes organic 
matter directly, at the expense of its shoots. Extreme lengthening 
and thickening of roots occurring under these conditions call into 
question the value of the common method of estimating plant 
growth by measuring the length and weight of roots. 


NORTHWESTERN UNIVERSITY 
Evanston, ILL. 
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“SOME PHYLLACHORAS FROM PORTO RICO 
F. L. STEVENS AND NoRA DALBY 
(WITH PLATES VI-VIII) 


The following species were collected by the senior author, and 
specimens are deposited as is indicated in an article by E. Younc." 
The definition of the genus Phyllachora given by THEISSEN and 
Sypow? is accepted, and only species conforming to their concep- 
tion of the genus are here listed. 

PHYLLACHORA ANDROPOGONIS K. and H. 


On Imperata contracta: Maricao, 8875, 8898; Rio TanamA, 8006; Arecibo- 
Lares road, 7216. 


The spores are much larger than those of P. graminis, but agree well with 
those of P. andropogonis. The stromata when young bear many Sepforia- 
like conidia. 

Phyllachora . banisteriae, sp. nov.—Spot none. Stromata 
numerous, scattered evenly over the leaf, 1-2 mm. in diameter, 
circular or more often oblong, black, visible from above and 
below, usually poorly developed in the mesophyll; clypei both 
above and below, thin, limited to the epidermis. Locules few, large, 
about 190X270 yu. Asci 8-spored, cylindrical. Spores oblong, 
hyaline, continuous, 14X35 u.—Figs. 1 and 2. 

On Banisteria tomentosum: Vega Baja, 8341. 

Conidia, in pycnidia on the stromata, Septoria-like. Differs from P. 
pestis-nigra Speg. in many respects. 

Phyllachora bourreriae, sp. nov.—Spots none. Stromata 
circular and black, abundant, scattered irregularly over the leaf, 
1-2 mm. in diameter, equally prominent above and below, occupy- 
ing the mesophyll. Clypeus in epidermis above and below, but 
slightly exceeding the perithecia. Locules several, globular, about 
160 w in diameter, wall definite. Stroma in the mesophyll loose. 
Asci cylindrical, 8-spored, 859-12 4. Spores hyaline, 1-celled, 
12-16 X6-7 w.—Figs. 3 and 4. 

On Bourreria succulenta: Vega Alto, 4149 (type); Joyuda, 4770y. 

Mycologia 7:143. 1915. 2?Ann. Myc. 13:149. 1915. 

Botanical Gazette, vol. 68] 
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Phyllachora canafistulae, sp. nov.—Spots not exceeding the 
stromata. Stromata mostly large, 2-5 mm., flat, black, visible 
equally from both sides of leaf, occupying the mesophyll, with 
many locules. Clypeus more prominent above. Locules globular, 
155-170 w in diameter. Asci cylindrical, 72-99 X 16-20 w. Spores 
oval to ellipsoid, hyaline, continuous, 13-16 6-8 uw. Paraphyses 
filamentous.—Figs. 5 and 6. 

On Cassia fistula: Mayaguez, 7022 (type). 

Although 2 species of Phyllachora are described on Cassia (P. bakeriana 
and P. cassiae from Brazil), the present form appears entirely distinct from 
both of them; from the former, which has small stromata and large spores; 


from the latter, which has small, mostly unilocular, stromata which are limited 
to the upper part of the mesophyll. 


Phyllachora drypeticola, sp. nov.—Spots not exceeding the 
stromata. Stromata numerous, black, extending through the 
leaf and visible equally above and below, 1-2 mm. in diameter, 
in the mesophyll with 4 thick clypeus on each side. Clypeus not 
exceeding the stroma. Locules globular or irregular, mostly 
strictly median, 100-200X125 yw. Asci cylindrical, 8-spored. 
Spores 17 X3.5 m, continuous, hyaline.—Figs. 7 and 8. 

On leaves of Drypetes sp.: Rio Tanam4, near Arecibo, 7828 (type). On 
Drypetes glauca: El Gigante, 8558, 8558b; Utuado, 4387; Maracao, 4508, 
4472, 1353, 730, 4746, 8558D; Mayaguez, 1834. In certain specimens, as 


no. 4387, the stromata are less arched of surface and often surrounded by a 
dead zone of leaf tissue. 


This form is especially interesting since the stromata, while bearing 
perithecia in the mesophyll, often bear conidial layers at the same time, on 


both its upper and lower surfaces. These beds to the naked eye appear 
brick-red. 


PHYLLACHORA ENGLERI Speg.—Fig. 11. 


On Anthurium scandens: Las Marias, 430; Monte de Oro, 5712. 


Phyllachora gnipae, sp. nov.—Spots numerous, 0.5-1.5 cm. 
in diameter, surrounding the stromata with an irregularly circular 
zone, below brown, above brown, or when old blanched. Stromata 
irregularly circular or angular, 2-5 mm. in diameter, shining black 
above, dull black below, rough due to the perithecia. Clypei 
about 30 uw thick in both upper and lower epidermis, extending far 
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beyond the locules. Locules numerous, variable in size, 19095 
to 380X190 mu, located in the mesophyll. Stroma surrounding 
the locules poorly developed. Asci cylindrical, 8-spored. Spores 
oblong, hyaline, continuous, guttulate and granular, obtuse, 
18-20 X6-7 w.—Figs. 27 and 28. 

On Gnipa americana: El. Gigante, 8520. 

Differs from P. laeviuscula Speg. and P. guavira Speg. in character of 
stroma and size of locules and spores. 


PHYLLACHORA GRAMINIS. 


On Eriochloa subglabra: without number or locality. 


Phyllachora heterotrichae, sp. nov.—Spots small, 2-4 mm. 
in diameter, approximately circular, pale, visible from above and 
below. Stromata -black, irregular in outline, more prominent 
below, 1-2 mm. in diameter, occupying the whole thickness of the 
leaf and usually accompanied by increase in leaf thickness, loose 
in structure. Clypeus epidermal, present above and often extend- 
ing far beyond the perithecia; usually present also below but 
less extensive. Locules many, about 110-150 uw in diameter, walls 
well developed. Asci 8-spored. Spores 13-14 X3.5-4 mu, continu- 
ous, hyaline.—Figs. 9 and 1o. 


On Heterotrichum cymosum: Villa Alba, 116. 
Differs from P. melastomacearum Rac. in its much smaller stromata, and 


from P. aliena in its small perithecia. 
PHYLLACHORA LATHYRI (Lév.) Theiss. and Syd.—Figs. 12 
and 13. 
On Bradburya virginiana: Tanama Rio, 7829; Bayamon, 1887; Jayuya, 


5901; Manati, 4314; Dos Bocos, 8092; Maricao, 8834. On Galactia striata: 
_ Jajome Alto, 5644. On undetermined legume: St. Ana, 6651. 


Phyllachora mayepeae, sp. nov.—Spots irregularly circular, 
indefinite, without border, tan or yellow, shading to normal green, 
3-15 mm. in diameter, bearing numerous (5-50) circular, black, 
punctiform stromata which are visible equally above and below, 
200-1000 « in diameter, occupying the mesophyll. Clypei both 
above and below, but slightly exceeding the stromata. Stromata 
Locules large, globular, with numerous asci. Asci 


unilocular. 
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58-85 X 18-27 wu. Paraphyses filiform. Spores 9-19 X7—-12 hya- 
line, continuous.—Fig. 14. 

On Mayepea domingensis: Maricao, 785 (type), 775, 731, 765, 4751, 106, 
8787, 4720; Mayaguez Mesa, 7471, 7585; Coamo, 148. 

The circular tan-colored spots with numerous punctiform stromata are 
characteristic. 


Phyllachora metastelmae, sp. nov.—Stromata shining black, 
I-2mm. wide, 5-15 mm. long, partially encircling the stem, 
occupying all of the tissues exterior to the wood. Locules about 
200 w in diameter, 120 uw high. Asci 8-spored. Spores cylindrical, 
hyaline, continuous, 145 u.—Figs. 15 and 16. 

On stems of Metastelma sp.: El Alto de le Bandera, 8715 (type). 


Phyllachora nectandrae, sp. nov.—Spots round or irregular, 
brown, surrounding the stromata, showing on both sides of leaf. 
Stromata epiphyllous, black, shining, 1-4 mm. in diameter, slightly 
raised, scattered or seldom confluent. Locules single or few, nearly 
globular, located in the mesophyll, 225-500 uw wide, 300 w deep, 
side wall thin. Clypeus black, 40-50 uw thick, extending laterally 
beyond the locules. Paraphyses copious, filiform. Asci cylindri- 
cal, 8-spored, 108 X10 w. Spores oblong, 14 X 5 u.—Figs. 23 and 24. 

On Nectandra patens: Maricao, 3608 (type), 8949, 3435, 3730- 


Differs from P. nectandricola Speg. in having paraphyses and in other 
details. 


Phyllachora ocoteicola, sp. nov.—Spots amphigenous, abundant, 
angular, 2-4mm. across; above shining black, below smooth, 
dull black, with minute hillocks indicating the locules. Clypeus 
epidermal, apparent both above and below, flat, about 17 w thick. 
Stroma of mesophyll consisting merely of scattered mycelial 
threads. Locules several to the spot, median in the mesophyll, 
156-170 uw high, 200-235 mu wide, internal dimensions, wall hyaline, 
thin. Asci numerous, 8-spored. Spores oblong to cylindrical, 
17X54, often somewhat pointed at one end. Paraphyses 
numerous, filiform, crooked.—Figs. 25 and 26. 


On Ocotea leucoxylon: Monte Alegrillo, 4768 (type), 4767, 4725; Monte 
de Oro, 5669; Maricao, 7or. 

Quite distinct from P. ocoteae P. Henn. in shape and character of spot, 
size of spores, and in other details. 


i 4 
= 


\ 
58 BOTANICAL GAZETTE [yuLy 


PHYLLACHORA ROUREA Syd., char. emend.—Ascigerous stromata 
black, numerous, scattered over the leaf, 2-3 mm. in diameter, . 
visible from both sides of the leaf; shining above, dull below, locules 
150-240 w internal diameter, numerous in the stroma. Clypeus 
above and below extending slightly beyond the locules. Asci 
numerous, linear, 8-spored, about 100X7-10 4, obtuse. Spores 
uniseriate, hyaline, continuous, 5 X10 uw, oval. Paraphyses scant, 
filiform.—Figs. 17 and 18. 


On Rourea glabra: Luquillo, 5447. 
The original description by Sypow was based on Philippine material which 


contained only conidia. It is very probable that the present specimen is 
cospecific with that of Sypow, and the name is therefore retained. - 


PHYLLACHORA SECURIDACAE P. Henn.—Figs. 19 and 20. 


On Securidaca virgata: Rosario, 9491; Mayaguez, 7402, 1106, 3133 
Maricao, 8981. 

This species was described from South American material, and our speci- 
mens differ as follows from the description: Locules are numerous, not few; 
the clypeus is distinctly rugose, a striking character that is not mentioned in 
the description; locules are somewhat larger than as described, and the walls 
are black, not brown; spores are quite uniformly 105 yu, while the original 
description gives 15-18X5-6 u. Notwithstanding these differences it seems 
best to report our specimens under this name. Due to an error in host deter- 
mination 2 of these specimens were reported by GARMAN as P. perforans 
(Mycologia 7:340. 1903). 


PHYLLACHORA SIMPLEX Starb.—Fig. 21. 


On Coccolobis laurifolia: Mona Island, 6171, 6433; San Juan, 4060; 
Bayamon, 394; Monacillo, 9340; Martin Pefia, 9311, 9716; San German, 
7521, 7519; Tanama Rio, 7806. 


PHYLLACHORA TRAGIAE (B. and C.) Sacc.—Fig. 22. 


On Croton lucida: Guanica, 356, 6839; Mona Island, 6217, 6211, 6153. 
On Croton flavens: Quebradillas, 9251; Aquadilla, 7253. 

The specimens on the 2 hosts differ slightly, particularly in that the 
stromata are more frequently unilocular on C. flavens, and that on this host 
the whole structure is more pale, less carbonaceous. Filiform conidia were 
found associated with the stromata. 
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EXPLANATION OF PLATES VI-VIII 


The drawings of the leaf sections were made from permanent slides by the 
aid of the camera lucida. In general 2 figures are given to each species, a 
habit drawing of a leaf, or portion of a leaf, and a cross-section of a leaf showing 
position of locules and clypei in relation to host tissue. 


Fic. 1.—P. banisteriae: cross-section of leaf, locules median, clypeus 
poorly developed. 

Fic. 2.—P. banisteriae: habit sketch. 

Fic. 3.—P. bourreriae: cross-section of leaf, clypeus well developed; 


lateral darkening indicates merely a region of denser fungous mycelium, not 
a true clypeate structure. 

Fic. 4.—P. bourreriae: habit sketch. 

Fic. 5.—P. canafistulae: cross-section of leaf, locules not median. 

Fic. 6.—P. canafistulae: habit sketch. 

Fic. 7.—P. drypeticola: cross-section of leaf, locules not median; 2 regions 
of conidiiferous beds shown under upper clypeus. 

Fic. 8.—P. drypeticola: habit sketch. 

Fic. 9.—P. heterotrichae: cross-section of leaf; locules numerous, deep, 
clypei thin. 

Fic. 10.—P. heterotrichae: habit sketch. 

Fic. 11.—P. engleri: habit sketch. 

Fic. 12.—P. lathyri: cross-section of leaf, locules nearer upper surface. 

Fic. 13.—P. lathyri: habit sketch. 

Fic. 14.—P. mayepeae: habit sketch. 

Fic. 15.—P. metastelmae: cross-section of leaf. 

Fic. 16.—P. metastelmae: habit sketch. 


Fic. 17.—P. rourea: cross-section of leaf, locules median, clypeus well 
developed. 


Fic. 18.—P. rourea: habit sketch. 

Fic. 19.—P. securidacae: cross-section of leaf, locules large, median, 
clypei well developed and with rugose surface. 

Fic. 20.—P. securidacae: habit sketch. 

Fic. 21.—P. simplex: habit sketch. 

Fic. 22.—P. tragiae: habit sketch. 


Fic. 23.—P. nectandrae: cross-section of leaf, clypeus more prominent 
above. 


Fic. 24.—P. nectandrae: habit sketch. 


Fic. 25.—P. ocoteicola: cross-section of leaf, locules median, clypeus 
above and below. 


Fig. 26.—P. ocoteicola: habit sketch. 


Fic. 27.—P. gnipae: cross-section of leaf, clypei well developed above and 
below. 


Fic. 28.—P. gnipae: habit sketch. 
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APPARATUS FOR THE STUDY OF PHOTOSYNTHESIS 
AND RESPIRATION 


W. J. V. OSTERHOUT 


(WITH ONE FIGURE) 

Two recent papers have dealt with methods of studying photo- 
synthesis. The first of these’ discussed photosynthesis in land 
plants, while the second’ dealt with aquatics. It seemed to the 
writer that these methods might be combined, and some experi- 
ments were made for this purpose. The outcome was a simple 
method for the study of photosynthesis in land plants. 

The apparatus consists of a large tube (a lamp chimney will 
serve) closed at the bottom by a stopper through which passes 
a tube (A, fig. 1) of Pyrex glass. Through the stopper at the 
upper end passes the neck of an atomizer bulb (B) with an 
opening at C for the intake of air. To the neck of the bulb is 
attached a tube of Pyrex glass which extends to within an inch of 
the bottom of the tube A. 

Plants‘ are placed in the chamber with their stems dipping 
in water contained in a small beaker. By means of the tubes 
D and E any desired amount of CO, may be run into the chamber. 
When this is finished the bulb is repeatedly squeezed so as to force 
the gases in the chamber to bubble through the liquid contained 
in the tube A. This liquid consists of distilled water, to which 
has been added’ an indicator which is sensitive to CO,. As the 
gas bubbles through the liquid® the color of the indicator changes. 


tOsTERHOUT, W. J. V., Amer. Jour. Bot. 5: 105. 1918. 

2 OsTERHOUT, W. J. V., and Haas, A. R. C., Science N.S. 47:420. 1918. 

3 This form of bulb can easily be obtained in the drug trade. 

4 Tradescantia may be recommended for this purpose, especially kinds without 
stripes on the leaves. 

5 The choice of indicator depends on the amount of CO, introduced into the 
chamber; for most purposes phenolsulphonephthalein will prove useful. At the 
start of the experiment the PH value should be such that a slight change in CO, 
will alter the color of the indicator. 

6 The bulb does not permit the entrance of air from the outside; it merely causes 
a circulation of the gas within the chamber. 
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The bubbling must be continued until the color becomes constant. 


61 


When this is achieved we know that equilibrium has been estab- 
lished between the CO, in the liquid and that in the chamber. 

In order to determine when the color of the indicator has 
become constant it is compared with a series of buffer solutions 


having the same concentration of in- 
dicator and contained in Pyrex tubes 
of the same size, as described in a 
previous article. 

The plant is now exposed to sun- 
light.?, After exposure the gas is 
again bubbled through the liquid. 
If the plant has taken CO, from the 
air it will be evidenced by the change 
in the color of the indicator, which 
will show a greater degree of alka- 
linity than before. From the amount 
of change in alkalinity the change in 
tension of CO, can be calculated; or 
the indicator may be calibrated.* 

For qualitative results the calcula- 
tion or calibration is not necessary. 
In the opinion of the writer, leaves 
of land plants are not suited to 
quantitative investigations on photo- 
synthesis, since on exposure to sun- 
light their temperature (and conse- 
quently the rate of photosynthesis) 
fluctuates greatly (as much as 10° C. 
in half an hour). This difficulty may 
be obviated by using suitable aquatics. 


Fic. 1.—Apparatus for meas- 
urement of photosynthesis and 
respiration: plants are placed in 
the chamber; by means of bulb B 
gas in chamber is bubbled through 
indicator contained in tube A; in- 
take of bulb is at C so that no air 
enters from outside; valve (not 
shown in figure) prevents air from 
passing out through C; changes 
in color of indicator show changes 
in tension of CO,. 


For class demonstration it is not necessary to have a tube 


projecting through the lower stopper. 


The apparatus may be 


7 The rise of temperature which occurs in sunlight tends to force gas out through 
the joints, which should therefore be made tight or sealed with water. 

8 For methods see HENDERSON, L. J., and Conn, E. J., Proc. Nat. Acad. Sci. 
2:618. 1916; McCLenpon, J. F., Gautt, C. C., and MuLHoLianp, S., Publ. no. 


251, Carnegie Inst. 1917. p. 21. 
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simplified by using an ordinary bottle and placing in it a small 
vial containing indicator, into which dips the tube which is 
attached to the bulb. It is always advisable to have a control 
in the light without a plant and a control in the dark containing a 
plant similar to the one used in the experiment. For the measure- 
ment of respiration the procedure is the same, except that no CO, 
is introduced at the start and that phenolsulphonephthalein or 
a similar indicator is employed. For quantitative work on respira- 
tion it may be desirable to have the bubbling go on without 
interruption. This may be accomplished by an excentric wheel 
driven by a small motor, and so arranged that at every revolu- 
tion it compresses the bulb sufficiently to send a few bubbles 
through the liquid.’ 

Whenever it is desirable to remove the accumulated CO, the 
tubes D and E are opened and a current of air is run through 
the chamber (by means of an attached aspirator or syringe). The 
tubes D and E are then closed and the gas is bubbled through the 
indicator until equilibrium is established. The apparatus is then 
ready for starting a new experiment. 

In the same manner air charged with volatile substances 
(ether, chloroform, etc.) may be introduced in order to study 
their effect upon photosynthesis and respiration (substances hav- 
ing a pronounced acid or alkaline reaction or a strong buffer 
effect are unsuitable for this purpose). 


Summary 


The photosynthesis and respiration of land plants may be 
studied by placing them in a chamber in which the gas can be 
made to bubble through an indicator. The changes in the color 
of the indicator indicate the changes in the tension of CO,. 

The method is so simple and convenient that it is adapted to 
classroom demonstration as well as to investigation. 


LABORATORY OF PLANT PHYSIOLOGY 
HARVARD UNIVERSITY 


9 See OSTERHOUT, W. J. V., Jour. Gen. Physiol. 1:17. 1918. 


BRIEFER ARTICLES 


A CORN-POLLINATOR 
(WITH ONE FIGURE) 

In some corn-breeding experiments conducted during the summer 
of 1918 at Col. GEoRcGE FaByAn’s Riverbank Research Laboratories, 
Geneva, Illinois, the writer employed a simple pollination apparatus 
which has proved very satisfactory. An ordinary thistle tube is filed 
off 3-4 inches from the bulb and given a bend of 90° (fig. 1, B). The 


Fic. 1.—Corn-pollinator: description in text 


bulb is fitted with a one-hole rubber stopper, through which is passed a 
glass tube with two bends (fig. 1, A). Silks and tassels are covered, as is 
customary, with manila bags of the ordinary type (single acute angle 
at closed end). The stopper is removed from the pollinator and into 
the bulb is shaken an appropriate amount of pollen from the tassel-bag. 
A smiall notch is then cut in the closed end of the silks-bag. Through 
this aperture the thistle-tube end of the pollinator is immediately 
inserted; the operator blows at the other end of the apparatus; and a 
dense cloud of pollen is discharged over the silks. The end of the silks- 
bag is then folded over and held secure with a wire clip (see the series 
in fig. 1). Thus pollination can readily be repeated, although this is 
quite unnecessary if the original pollination was made at the time of 
good pollen and receptive silks. Repetition may be desired, however, 
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in experiments on the condition of pollen grains themselves or the 
effect of diverse pollination. 

Such an apparatus has three fundamental advantages over any other 
method that the writer has seen described: (1) foreign pollen is abso- 
lutely eliminated, so far as the writer’s experience goes; (2) the cloud 
of pollen is in violent circulation when it strikes the silks, insuring 
rather complete pollination, always provided that the pollen and silks 
are both in good condition; (3) it is a relatively “fool-proof” method, 
so that pollination can be allotted among unskilled assistants. 

Certain disadvantages may be considered. (1) Expense.—The 
apparatus can be made up for about 15 cents, and the number of pol- 
linators need not be great. Witha given “‘load”’ of pollen 4 or more ears 
may be pollinated. Repeated loadings may be made as long as pollen 
from a given tassel is desired. The pollinator is then opened, easily 
washed in 95 per cent alcohol, wiped out with cotton, and dried within 
20 minutes, provided there is standing alcohol in none of the parts. 
The writer usually used about 20 pollinators and then washed them 
all. (2) Breakage—This is not a problem provided the bent end at 
A (fig. 1) is not long enough to strike the side of the bulb when the 
stopper is forced in. (3) Clogging.—If the bend at B (fig. 1) is a clean 
one, even fragments of tassels contained in the pollen load will pass 
through readily. This also will depend on the bore of the thistle tube, 
but the writer encountered practically no difficulties of this sort. (4) 
Loading.—This is the only aggravating feature of the method. It is 
not a problem provided the operator can afford to sacrifice the tassel, 
as the writer usually did. The severed tassel is then shaken within 
the bag, from which pollen is readily poured into the pollinator. Fre- 
quently, however, it is desirable to save the tassel. In that case the 
operator may pull the bag off the tassel and replace after loading. 
This obviously endangers a wholesale loss of pollen and an exposure of 
the tassel for a moment. A much better method is merely to loosen 
the string around the tassel-bag and load the pollinator from one corner 
of the bag’s mouth. This method was employed with considerable 
success, but it is rather awkward at best and impossible for 12-foot 
corn. A much more clean-cut method would be to save pollen (rather 
than tassels) in dry phials, but this multiplies apparatus. With all 
the drawbacks of loading, however, even an unskilled operator finds 
little difficulty in using this corn-pollinator—MeErte C. Courter, 
University of Chicago. 
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CURRENT LITERATURE 


BOOK REVIEWS 


, Life and letters of Hooker 

No botanist needs an introduction to Sir JosepH HOOKER, so far as his 
botanical activities are concerned, but to come into personal touch through his 
letters to his intimate friends is an unusual opportunity. LEONARD HUXLEY, 
the son of HooKER’s close friend, has provided this opportunity by editing 
materials collected and arranged by Lady Hooker. HOooKker’s long life, of 
nearly a century, spanned the revolution in biology, and his intimate relation 
with DARWIN and his work makes many of his letters a description of the 
theory of natural selection in the making. 

Especially interesting to American botanists are his letters in reference 
to his visit to the United States in 1877, during which his long-time friend 
ASA GRAY conducted him across the continent. HooxkeEr’s impressions of the 
United States and of its flora make most interesting reading. 

No brief review can do justice to the wealth of material in such a collection 
of letters. Hooker was fond of writing letters to his intimates, and as a 
result these volumes seem to make one acquainted with the man. When to 
the high qualities of the man there is added the importance of the times in 
which he lived and worked the interest is multiplied.—J. M. C. 


MINOR NOTICES 


North American flora.—The first part of volume 24 includes most of the 
genera of the tribe Psoraleae (Fabaceae) by RYDBERG, the genus Eysenhardtia 
being monographed by PENNELL. The tribe, as presented, includes 19 genera, 
7 of which are described as new. Hoita (11 spp., 4 new), Rhytidomene (1 sp.), 
Psoralidium (14 spp., 1 new), and Pediomelum (22 spp., 7 new) are segregated 
from Psoralea, which is left with a single species (P. fruticans). The revival 
of Orbexilum Raf. also accounts for 8 other species of Psoralea. Psorobatus 
(2 spp.), Psorodendron (12 spp., 2 new), and Psorothamnus (8 spp., 4 new) are 
segregates of Dalea. Amorpha seems to retain its identity, with 23 spp., 5 of 
which are new. LEysenhardtia is doubled in representation, 7 of the 14 species 
being new. The contribution is a complete upsetting of the former presenta- 
tions of Psoraleae.—J. M. C. 


» 


Huxtey, Leonar», Life and letters of Sir JosepH DALTON 2 vols. 
8vo. pp. 546 and 569. New York: D. Appleton & Co. 1918. 
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NOTES FOR STUDENTS 


Infection as related to humidity and temperature.—The importance of 
humidity and temperature in relation to infection has long been known to 
plant pathologists. The problem, however, has been taken up once more by 
LAURITZEN? in a study of diseases caused by Puccinia graminis on wheat, 
Ascochyta fagopyrum on buckwheat, and Colletotrichum lindemuthianum on 
red kidney bean. 

The apparatus used consisted of two double-walled chambers, each pro- 
vided with heating coils, thermostats, and thermoelectric connections to 
furnish heat and power to run the fans. The outer wall of each chamber was 
made of glass, the inner of wood except the lids (which were of glass), the wood 
portions being coated with paraffin of a high melting point to prevent absorp- 
tion of water. Evaporation surface for the control of humidity was furnished 
by pans containing either water or saturated salt solutions. No attempt was 
made to control light, after experiments designed to test its relation to infec- 
tion had given negative results. Carbon dioxide is thought to have been of 
little or no importance in the experiments, since the experimental chambers 
were not so tight but that gaseous exchange was possible between inside and 
outside whenever temperature variations occurred. Pure line strains were 
used in the case of all 3 of the fungi, but only of wheat in the case of the 
hosts. Plants of the same age and spores of the same age were used as far as 
possible, although there was some unavoidable variation in both cases. 

The author uses as a criterion by which to judge the effect of temperature 
and humidity the percentage of plants infected out of the total number exposed 
to infection. He thus avoids most of the objections which have been made 
to the criteria used by other workers. Where they have measured the 
effect of temperature and humidity (on the fungus alone) by the rate 
of extension of the germ tube and development of the mycelium, by the time 
required for germination of spores, or by the percentage of germination, he 
measures it by a criterion which takes account of fungus and host as well. 

The lower temperature limit for infection of wheat by Puccinia was found 
to be about 42° F.; of buckwheat by Ascochyta about 45° F.; and of bean by 
Colletotrichum about 57° F. The upper temperature limits in the 3 cases were 
respectively 80, 100, and 80° F. The range of humidity (relative) for infec- 
tion of wheat varied between 92 and 100 per cenf; of bean, between 92 and 
100 per cent; of buckwheat, between 90 and 100 percent. Inno case did he 
find the temperature ranges for host and parasite identical. ‘The temperature 
range for growth of bean and wheat is wider than that for the germination of 
spores of an infection by C. lindemuthianum and P. graminis. The upper 
temperature limit for the growth of bean is higher than that for germination 
of spores of and infection by C. lindemuthianum, a fact which has made possible 


2 LAURITZEN, J. T., The relation of temperature and humidity to infection by 
certain fungi. Phytopathology 9:1-35. 19109. 
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the control of anthracnose in the southern states. The exact temperature 
range for Ascochyta and buckwheat was not determined. 

Results obtained by other workers have shown that there is no definite 
optimum for infection, but that there is a wide range of temperature in which, 
providing some other factor does not interfere, the number of infections taking 

“place does not vary much if the plant is exposed to infection for a sufficient 
length of time at the lower temperatures. These earlier results are borne out 
by the work of Lauritzen. He concludes, therefore, that in considering 
control measures we must note not only the temperature which seems favorable 
to infection, but also the length of time for which the plant has been exposed. 

The results he obtains from a study of the effect of humidity on infection 

lead him to point out that ‘“‘the absence of certain diseases in semi-arid and 
arid regions where agriculture has been practised for long periods of time 
may be due in part to the small moisture content of the air,” and that ‘‘seasonal 
variation in the moisture content of the air plays an important part in deter- 
mining the amount of disease that develops.” Because of the rather general 
belief that a film of moisture on the leaf surface favors infection, it is interesting 
to note the conclusion reached by the author that such a film is not essential. 
He considers it proved that, within certain limits of humidity, the spore is 
able to absorb sufficient water for germination, at first by imbibition and later 
by osmosis. He suggests also that in depressions of the leaf surface, especially 
above the stomata, the humidity may be high enough to make germination 
possible-—D. H. Rose. 


Life history and sexuality of Basidiomycetes——Miss BENSAUDE; has 
investigated Coprinus fimentarius, Armillaria mucida, and Tricholoma nudum. 
The work includes two phases: (1) the morphology and cytology of the mycelia, 
and (2) the results obtained from the study of the single spore cultures of 
C. fimentarius. 

The mycelia of the 3 species were obtained from germinating spores as 
well as from material collected in the field. The author accepts FaLck’s 
classification of the mycelia into primary, secondary, and tertiary forms. The 
claim is made that the first few days after the germination of the spores the 
resulting mycelia belong to the primary class, in which the hyphae are parti- 
tioned off into cells which contain from one to many nuclei. These uninucleate 
cells may give rise to varying numbers of uninucleate oidia. Disarticulated 
hyphal cells, which she calls “‘pseudoidia,” are also formed which, like true 
oidia, may germinate. The nuclei in the germ tubes divide amitotically. 
Cross-walls with clamp connections never appear in the hyphae of the primary 
mycelia. Miss BENSAUDE grew single spores of C. fimetarius in pure cultures, 
and succeeded in isolating 10 single spores. Of these, 4 germinated, and in 2 


3 BENSAUDE, MATHILDE, Recherches sur le cycle évolutif et la sexualité chez les 
Basidiomycétes. Dissertation. pp. 156. pls. 13. figs. 30. Nemours. 1918. 
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cultures primary mycelia were obtained which did not produce carpophores. 
When parts of each mycelium were mixed in a culture, a secondary mycelium 
appeared and fruit bodies were produced. The chief method of bringing 
about the plasmogamy is through the union of a hyphal cell of one thallus 
with an oidium from another thallus. Miss BENSAUDE concludes that the 
“dicaryon” in C. fimetarius is formed following plasmogamy between cells © 
coming from 2 different thalli. ; 

The transformation of a primary mycelium into a secondary mycelium is 
very difficult to observe. This is brought about by the anastomosis of 2 
hyphal cells of different thalli in C. fimetarius. The fusion of 2 such cells 
(plasmogamy or pseudogamy) introduces the cytoplasm and nucleus or nuclei 
of one cell into the other, which results in the establishment of a binucleate 
cell. If 2 cells unite which have more than 2 nuclei in common, all disintegrate 
but 2. The uninucleate oidium may fuse with a hyphal cell, and this is a very 
common means of bringing about the initial binucleate condition of the cell. 

Each cell in these secondary hyphae is binucleate, constituting a 
“dicaryon.”’ Conjugate nuclear division occurs in these hyphae as a rule in 
the apical cell, although intercalary cells divide occasionally. At the time of 
division the 2 nuclei move to the middle of the cell, and the actual process of 
cell division is preceded by the formation of a protuberance which is to form a 
clamp. One of the nuclei, which Miss BENSAUDE calls (+), on the basis of her 
results with single spore cultures, enters this very short branch, and the (—) 
nucleus femains at about the same level in the mother cell. Spindles are formed 
and conjugate nuclear division takes place. One of the (+) daughter nuclei 
goes back into the mother cell, and the other goes to the apex of the young 
clamp. A cross-wall cuts off the beak cell from the mother cell. Of the 2 (—) 
daughter nuclei, one goes to the apical part of the mother cell and the other to 
the basal part, and a cross-wall is formed at the level of the young clamp, 
dividing the cell into an apical portion with (+) and (—) daughter nuclei 
and a basal cell with only the (—) daughter nucleus. The little beak now 
fuses with the basal cell, and its nucleus passes into this cell, so that it also 
becomes binucleate. Very often the apex of the beak fuses with the mother 
cell before nuclear division takes place. 

Reversion of secondary to primary mycelium occurs, in which case a 
uninucleate cell appears among binucleate cells. No clamps are found on the 


cross-walls of this cell, and these uninucleate cells may bear oidia.—M1cHAEL 
LEVINE. 


A new conception of sex.—JONES‘ presents a conception of sex which is 
quite unorthodox, but at least it furnishes considerable food for thought. 
This author sees in fertilization an ‘‘attack” of a “parasitic” male gamete 


4 Jones, W. N., On the nature of fertilization and sex. New Phytol. 17: 167-188. 
1918. 
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upon a female gamete well stocked with food reserves, the stimulus of fertiliza- 
tion being similar to that induced in gall formation. The first sperm ‘‘vac- 
cinates” the egg and renders it immune to other sperms. Many further 
analogies are drawn between sex and parasitism or symbiosis. More interesting 
is his distinction in higher forms between “‘sex” and “gender.”’ Sex is purely 
sporophytic, determined in Mendelian manner by chromosome equipment; 
“male” signifies ‘‘microspore-producing,” ‘“‘female” signifies ‘‘megaspore- 
producing.” ‘‘Gender” is gametophytic and is lodged in the cytoplasm; the 
nature of the cytoplasm may show gradations between the two extremes of 
“androplasmic” (or sperm-producing) and “‘gynoplasmic” (or egg-producing). 
Thus in a homosporous pteridophyte the spore is still diploid with reference 
to gender, which is differentiated later. Gradually the androplasm begins 
to dominate in some cells, gynoplasm in others, until at last the cells are 
sufficiently unlike to fuse again. Which kind dominates in a particular region 
may be tied up with nutrition. In heterosporous forms ‘the archesporial 
tissue of the anthers is predestined normally (chromosomes) to develop into 
microspores, an environment which favors the dominance of androplasmic 
protoplasm.”’ To explain hermaphroditic spermatophytes the author states 
that ‘‘the production of anthers or ovaries is a sex or somatic (Mendelian) 
characteristic, which may show somatic segregation like other somatic char- 
acters.’ Carrying these ideas over to man, an effeminate man would be 
produced from an x zygote in which gynoplasm dominated, a masculine woman 
from a 2x zygote in which androplasm dominated. The author believes that 
many of the characteristics popularly associated with one sex only are in reality 
the common property of both sexes, although in one they may perhaps be 
limited in their expression —MERLE C. COULTER. 


Mineral absorption in spinach.—In attempting to demonstrate a causal 
relation between spinach blight and universal malnutrition, TRUE and his 
colleagues’ subjected spinach to very heavy applications of various fertilizers, 
both singly and in mixtures. As high as 1500 lbs. per acre of NaCl, NaNO,, 
and Na.SO,, 6 tons of CaCO,, 2 tons of MgCO,, 2000 lbs. of acid phosphate, 
4000 lbs. of complete fertilizer, and 40 tons of manure were used. Although 
failing to throw any light on the origin of the blight, the results contribute to 
our knowledge of mineral absorption by plants. The total ash, and each of 
its constituents with the exception of manganous oxide, was always greater 
in amount in the leaves than in the tops. The ash elements fall naturally 
into two groups: (1) those that are present in quantities that show relatively 
little variation whatever be the chemicals added to the soil (CaO, MgO, P.O,, 
SO;, MnO, ALO,;, and Fe.0;); and (2) those which show great fluctuations in 
the quantity present (SiO., K.0, and Na,O). The elements of the first group 


5 True, R. H., Brack, O. F., and Ketty, J. W., Ash absorption by spinach from 
concentrated soil solutions. Jour. Agric. Res. 16:15-25. 1919. 
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were evidently absorbed in the required quantities irrespective of what was 
offered in excess. Those of the second group varied widely, sometimes with 
an increase of the ion offered in excess, as in the case of Na,O, and sometimes 
with an increase of some other element, as in the case of SiO, in the plots 
receiving CaCO; and acid phosphate. The soda-potash ratio was subject to 
extreme variation, but was always greater than 1 in both tops and roots. 
There were indications that sodium may partly replace potassium in function 
in spinach, since the percentages of the two usually varied in the reverse order. 
The writers suggest that NaCl as a fertilizer for other crops might serve as a 
potash sparer. There was always more magnesia than lime present, except 
in the plots receiving a heavy treatment of CaCO,, which suggests the possible 
practical value of magnesium salts as fertilizers for spinach.—J. J. WILLAMAN. 


Permeability.—A new working hypothesis as to the nature of permeability 
and changes in permeability of protoplasm, which seems to the reviewer less 
objectionable than any yet proposed, is offered by FREE.° Protoplasm is 
considered as a colloidal system of at least two phases, differing from one another 
mainly in the proportion of water each contains, and arranged as colloidal 
globules in a colloidal medium. These phases are supposed to exhibit inter- 
change of water, so that globules may decrease in size by giving up water to 
the medium, which gains in size; or, vice versa, globules may increase in size 
by receiving water from the medium, which thus becomes thinner and thinner 
as the globules enlarge. ; 

The medium is considered the important phase from the standpoint of 
permeability changes, as it is continuous. Anything that can dissolve in the 
medium should be able to penetrate. Water undoubtedly penetrates both 
phases. Anything which tends to increase the size of the globules at the 
expense of the medium is conceived to decrease the permeability of the proto- 
plasm; conversely, things tending to decrease the globules are conceived to 
increase its permeability. Semipermeability is related to a very thin medium 
between the globules. Any reagent increasing thickness of the medium at the 
expense of the globules should decrease semipermeability if this conception is 
correct. Antagonism would be explained by the effect of the antagonistic 
element or ion on the globules, enlarging them so that the medium is too thin 
to permit entry of the toxic element. As a working hypothesis it has some 
advantages over any other hypothesis which has been proposed. It should 
stimulate research designed to test its merits, for definite testing seems quite 


possible.—C. A. SHULL. 


Self-sterility—East and Park have already demonstrated’ that self- 
sterility in tobacco is heritable, and that cross-sterility depends upon likeness 


6 Free, E. E., A colloidal hypothesis of protoplasmic permeability. Plant 
World 21:141-150. 1918. 
7 Bor. GAz. 66:461-462. 1918. 
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in certain significant germinal factors. Thus if A is sterile with B and C, B 
will be sterile with C. Shifting now® to the physiological technique, they 
discover that sterility is tied up with the rate of pollen-tube growth. In cases 
of selfing or cross-sterile pollinations, the pollen not only germinates success- 
fully but develops a normal pollen tube. This tube grows through the style 
at a uniform rate, but fails to reach its goal before the flower decays. In cases 
of cross-fertility the pollen tube grows at a progressively increasing rate. 
The logical conclusion is that self-sterility is not due to the presence of inhibit- 


produced by the pollen-tube nucleus in compatible crosses, and only local in 
their effect). At the wane of the flowering period self-sterility and cross- 
sterility may be replaced by “pseudo-fertility.” This is explained by the 
breaking down of the stylar tissue, so that own pollen tubes grow at a uniformly 
greater (not accelerated) rate-—MERLE C. COULTER. 


Photometry.—The probability that a solution of uranium acetate and 
oxalic acid may be used successfully as a chemical photometer in physiological 
researches involving the measurement and comparison of light intensities is 
indicated by some experiments by Rmwcway.? ‘The solution used consisted 
of 1 per cent uranium acetate and 5 per cent oxalic acid in aqueous solution 
mixed in the proportion of 1:4. In various tests designed to compare the 
oxalic-acid-uranium-salt photometer with the Callendar pyrheliometer, the 
chemical photometer gave results in general agreement with the pyrheliometer, 
even though the 2 instruments involve different portions of the solar spectrum. 
If the instrument and methods of using the solution can be reliably stand- 
ardized, the inexpensiveness of the materials, ease of taking readings, accuracy 
of determinations, and its automatic integration for variable conditions of 
light during exposure will make it an excellent instrument for extending our 


knowledge of the influence of light as related to life processes in plants and 
animals.—C. A. SHULL. 


Nitrogen fixation.—Another contribution from the Missouri Botanical 
Gardens on the subject of nitrogen fixation by lower organisms deals with 
the growth of Azotobacter in synthetic media. ALLEN” believes that most of 
the discrepancies in the results of previous investigators can be explained on the 
basis of the phosphorus requirements of the organism and the reaction of the 

- medium. He proves this in a fairly satisfactory way by means of the following 

factors: (1) when CaCo; is used to maintain a proper Px in the media, the 


8 East, E. M., and Park, J. B., Studies on self-sterile plants. II. Pollen-tube 
growth. Genetics 3:353-366. figs. 3. 1918. 


9 Rmpeway, CHartes S., A promising chemical photometer for plant physiological 
research. Plant World 21:234-240. 1918. 


10 ALLEN, E. R., Some conditions affecting the growth and activities of Azotobacter 
chroococcum. Ann. Mo. Bot. Gard. 6:1-44. 1919. 


ing substances, but rather to the absence of accelerating substances (catalyzers — 
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phosphates are precipitated out quantitatively, and scant growth occurs; 
(2) when glycerol phosphate is used, the phosphorus stays in solution and 
better growth results; (3) the use of protective colloids (agar and potassium 
silicate) to prevent precipitation is accompanied by beneficial results; 
(4) mechanical agitation of the cultures greatly improves the growth by hasten- 
‘ ing the solution of CaCO,, and thus maintaining the proper reaction. In the 
course of the work an all-glass apparatus for the determination of nitrogen was 
devised.u—J. J. WILLAMAN. 


Distribution of dissolved oxalates in phanerogams.—MOotiscu” finds 
dissolved oxalates appearing rather generally distributed in phanerogams. 
All investigated species of the following families bear much dissolved oxalate: . 
Polygonaceae, Chenopodiaceae, Amarantaceae, Aizoaceae, Begoniaceae, 
Melastomaceae, Oxalidaceae, Cannaceae, and Marantaceae. While in most 
cases this chemical character, like many other chemical characters, runs by 
families, this is not always the case. In certain families some genera are very 
rich in dissolved oxalates, while other genera contain little or none; this is 
true of Commelinaceae and Cactaceae.—Wm. CROCKER. 


Water movements in plants.—RENNER’3 answers NORDHAUSEN’S criticism 
(Ber. 1916) of his earlier work (Flora, 1911) on water movement in plants, 
and gives a number of experiments to confirm, in the main, his earlier generali- 
zations. He also gives a brief statement on the “saturation deficit” and the 
“energetics of water movement” in plants—WwM. CROCKER. 


Turgor and osmotic pressure.—THODAY™ gives a simple elementary 
analysis of turgor, osmotic pressure, and saturation deficit relations of plant 
cells and the conditions that lead to the movement of water from cell to cell le 
in the plant. The article ought to do much to clear up the confusion in refer- 

ence to this field—Ww. CROCKER. 


Hydnaceae of North Carolina.—Coxker*®s has published a monograph of 
the Hydnaceae of North Carolina, illustrated by numerous excellent photo- 
graphic plates. Six genera are presented, represented by 29 species, 2 new 
species being described in Hydnellum and 1 in Phellodon.—J. M. C. 


1 ALLEN, E. R., and Davisson, B. S. An all-glass nitrogen apparatus. Ann. 
Mo. Bot. Gard. 6:45-48. 1919. i 


” Mouiscu, Hans, Uber den Microchemischen Nachweis und die Verbreitung 
gelérter Oxalate im Pflanzenreiche. Festschrift zum ERNsT STAHL. pp. 60-70. 
Jena. 1918. 

33 RENNER, O., Versuche zur Mechanik der Wasserversorgung. Ber. Deutsch. 
Bot. Gesells. 36:172-179. 1918. 

™ Tuopay, D., On turgescence and the absorption of water by the cells of plants. 
New Phytol. 17: 108-113. 1918. 

*s COKER, W. C., The Hydnums of North Carolina. Jour. Elisha Mitchell Sci. 
Soc. 34:163-197. pls. 29. 1919. 
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